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CONSULTING GEQLDGISTS

106272

BENNETT & WILLIAMS,

\ 3 J} 7 argﬁ’fém&

fheg,

INC..




.--xl.r .

—

ﬂ.—_ " woans [P P

R 1 3

pres sy

._process formulations,
waters,
Potential flow_paths for’
the subsurface have been

monitoring program.. .

detail.
pleasefeel free to.call us.
opportunity to be of_service. -

BENNETT & WILLIAMS, HVC
CONSULTING GEOLOGISTS

Rentokil, Inc.

SupaTimber Division
Post Qffice Bax 2248
Norcross, Georgia

Attention: I. N. Stalker

Reference:
Contamination,

Dear .Mr. Stalker:

referenced 1nvestlgatlon.

hs detailed in this report,
sourtces TL contamination at the site,
dissolution of noh-adguedus phas¥d liquids derived from’
‘surface run-8ff of contaminated
from the covered holding lagoon.
migration of Ehe contaminants. in
identified. v T. . :

and infiltration

Recommendations are’

3@991"

First draft - February 28,
Second Drait - September 2,

"Repori on Investigation of the Hydrogeology,

2700 EAST DUBLIN GRANVILLE ROAD
SUITE 550
COLUMBUS, OHIO 43229
614/882-9122

1236 .
i986 .

and

at the Virginia Wood Preserv;ng
Corporatlon Site,

Richmond, Vlrglnla.

COmments from EPA Reglon III,Qn"
the first draft of the report are addressed :in Appendix 5.

oUr WOILK

identified several
including the =

made. for further investigation of
hydrogeologid conditions. at. the site,
and additional borings,and émplatémént of & Witer guality

Alternative remedial methods for clean-

thrcugh pumping tests.

up of the site are.suggéested in the report..

We will be happy to meet with you,
to discuss our findings and recomméndations in greater ,
if. you have any further gquestions,

In the- meantime,

FOR THE BEST ADVICE ON EARTH

at your convenience,

Thank you very much for this .

T BERNETT &

Very truly yours,
WILLIANMS, IRC.

o~ - < A
/2994e4354'2¥éeé;e¢ezﬁg?/

 Truman W. Bennett
Pr1nc1pal Geologist
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DISCLAIMER

Conclusions reached in Ehis'féport are objectively base?

upon the data available to us at .the time of forming our ot
opinions. The accuracy ‘of the report. depeniq upon the
accuracy o’ this data. Every efzort xs maﬁe to evaluate the
the._StaLe af the’ A¥t" at the tlme OFf render*ng thc rcport,
and the conclusiocons reached therein represent our opinions.
If actual.conditidns prove to be. materiall} at variance with
the datadponn Which we relied as shown in the report, a
corrasnondlng variance in actual experlence ‘as contrasted . . . ..
with:our opinion can be expecced.

AR T s TN Y

’ Since subsurface hydrogéologic—and geocthemical conditions

are subjeEct to variations of both time and space, we accept

no responsibiity whatsoever for any actions taken as. a

conseqguerice of this repdrt that do.not include our specific .. - .. ..
involvement and acguliescence. =~ T ' o

[T -
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'EXECUTIVE

SU’IMRRY_

A compréhEnSiﬁe”éﬁbSurfaCe investigation of the
Virginia Wood . Preserving Corporafion site, involving 20 s
monitoring wells, 23 .drilled borings, and 8 shallow audered .
holes, has been used_to characterize the ground-water
system, and soil and ground-water contamination.

Approximately 10 to 30 __feet of clayey sand and sandy
clay sediments overlie fractured .granite bedrock at the

site. Two stratigraphic units

have been distinguished; a

lower, weathered granite, and a shallow fluvial formation.
These_.units are separated throughout much of the site by a

relatively impermeable hardpan,

or frlable sandy clay layer,

that.restricts vértical ground-water flow. This restricting
layer is consistent except near streams and areas of . . .
standing water, where its thickness and permeability vary.

Infiltrating surface waters tend to .flow along the
surface of the.low perfigability hardpan, or friable .clayéey
sand layer, forming a shallow perched agquifer. Grqpnu waterr . ..
within the weathered granlte is. confinad over much T of _the o
area by the hardpan, or -friable clayey sand layer, theLeby

creating a- separate., confined, or semi-confined aguifer
Groufid-water "flow in the vicinity of the site is genefally

toward MNorth Run Creéék, although flow is diverted southward,
across .Parham Road, in‘the area ©f standing surface water
sougheaSt“of the site,(Platea 4 and 5) Ground—water

site averages 0.01 ft/ft in the weathereﬁ ‘granite aqulfnr.

In the shallow peréhed water table, grouind-water gradients

are-highly variable, and sensitive to precipitation
intensity. Based on a: ground~watef flow model of the area,
discharge of ground water through the 51pe on January 30,
1986 WwaE" estlmated to_be 135. gallons per day

Soil ahd grouna—water over much of the site, and in
some. areas . off-site; has been contaminated through seepage
of process liguids (Figures '8 and 17). At present, sources. .

of contamination inclugde the coverad holding lagoon (Plate

2), and non~aquecus phase_ligquids derived from process
formulations that have.accumulated. in thé shallow perched .
water table. (FiguU¥&'7). The non-agueous phase liguids

provide a continded source,of agueous contaminants.to the
ground-water system, through dlssolutlon.' Surface run-off . . _
has 1nf11trated 1nto dralnage areas, thereby contaminating

soils.

_Total estimated volume of
500,033 cubic feet {Plate 7).

contaminated soils is about _.

The ared of contaminated

grounid water has éXtended beyond the site boundaries (Figurs
13).. _ Non-agueous phase liquids &ppear to_be immobile at -
this 'time, &nd ¢orifined to an area of approximately 134,777

sguare feet on the sité.  With

existing data, total wvolumes

of light immiscible liguids can only De approximated, with

BENNETT & WILLIAMS, INC.
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the probable range estlmated to be between 4 9000 and 20,093 © T

gallons. , o , T e R : agm
o Feg
Remedial methods for clean-up of the site are
recommended .{Plate 8). Essential elements include
excavation and disposal of contaminated soils, and hydraulic s
isolation of the surface.and subsurface. Natural and
enhanced degradation of contaminants should be evaluated,
particularly for &ff-site treatment, where it may be more
efficient than hydraulic recovery. Monltorlng of water
guality, in existing and additional monltorlng wells should
be contlnued. T T T T :

BENNETT & WILLIAMS. INC
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% PRELIMINARY INVESTIGATION OF HYﬁROGEOLOGICAL'CONDITIONS, AND
; SOIL AND GROUND-WATER CONTAMINATION, AT THE VIRGINIA WOOD
. PRESERVING. CORPORATION SITE, RICHMOND, VIRGINIA !

~ TINTRODUCTION

The Virginia Wood.Preserving Corporation site, a

division of Rentokil, Inc., is in Richmond, Virginia, 1000
feet north_of Parham Road, and 2.4 miles west of Interstate
95. The property consists of approximately 10 acres used to

treat . and temporarily store lumber.  The lccation of the

site is shown in Figure_l.  “A topographic contour map of .. . . .. -
the study area is shown in Plate..l.

Previous investigations at the Virginia Wood Preserving
Corporation site revealed contamination of scil and ground
water by creosote, pentachlorophenol, and CCA wood
preserving formulations. It appears that this contamination
occurred. by seepage of process liguids and waste.

At the reguest of ERentokil, Inc., a detailed subsurface : —

investigation of the Virginia Wood Preserving Corporation

site has been conducted. Field work began in August, 1985,

and was completed in January, 1986. The goal of this program - ,
was to obtain suffiC;énp basic.data to characterize the
ground-water system and contaminant distribution. These

data are used to develop systematic and comprehensive

approach to clean-up operations.

BENNETT,G WILLIAMS, INC. . _
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Fig. 1 - Location of Virginia Wood Preservers site.
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' "SCOPE OF WORK

During this investigation, consideration has been given |

to the available geological and hydrogeological information
relating to the site. This body of information includes:
reports summarizing previous investigations by Environmental
Laboratories, Inc. and Dvorak Geotechnical Services, Inc.:
published data gathered by the Virginia Division of Mineral
Resources; . published soils maps and descriptions of the area
from the USDA”Soil Conservation Service: and aerial
photographs and stereo _pairs from the Virginia Department of

Transportation.

Five monitoring wells and nine borings were drilled at

‘the site during previcus investigations. The five

monitoring wells are wells.1, 2, 3, 4 and 5, and the rnine
borings are B2, Bl3, B18, B2l, P, Q, R, V, and Y. These
wells and borings-are_shoéh on the site location map (Plate
2). The descriptions of géilﬁmaié?ig%s"aﬁe_reprinted from
previous reports by Dvorak Geotechnical Services, Inc., in
Appendix 1. The well construction dg;gél%_fgr,the
monitoniﬁg-weiié.iﬁsﬁélié@_éfqviéuﬁli hévéubeen reviewed to

determine possible. cross-connections, and to evaluate. ..

possible interactions between the construction materials .

nsed and the contaminants present.

Available well construction detailé and results of.
water guality analyses for each-of the existing deep water
supply wells on-site, designated.as Dl and D2 on Plate 2,

have been reviewed re&ga¥difig the potential for cross-

ARIO0281
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connastLon ana surﬁaca leé%age along-ﬁﬁé well ca51ng.
Recommendations are made for ‘preventing any further cross—- - . -
contamination and evaluating any potentiél‘impact for
contamination of the deep confined g¥anite aguifer.

Drainage in and around the site has been studied, and a
surface run-off management plan which will prevent
potentially contaminated surface water from leaving the site
has been recommended. Charatteristics of:*he run-off
management ﬁlan, which can be tied into various :emedia; o
action plan;, have;béeﬁ:noted,_ -'m__;,f

Locdtions Tor 14 additional mohitoring wells and 14
additional borings installed durinfig this investigation are = - - -
shown on "Plate 2. Five of the" monltorlng _wells were
screened above the weathered.granite, adjacent to monitoring
wells screened above uﬁweathered”bedrabk, to. determine the
hydraulic relationships between the weathered granite and
the overlying regressgive fluvial sediments. Eleven of the
shallow borings were screened to.gain additicnal information
on ground-water flow within thé shallow pérched water
aguifer. Construction information on the monitoring wells
is summarized in Table@l. A boringrlqg,,including the
geoloéists,dégg;;ption;and éonSfrﬁéiibn détailst of all

borings and mon "toring wells, is presented in Appendix 1.

The monitoring wells and borlngs lnstaTled during this

investigation were drilled by the hollow-stem auger method,

with split-spoon and Shelby tube samples taken as directed - : .

by the Project Geologist.,  All materials were steam-cleaned

prior to each use, and samples of corndeénsed steam on steam-

e s g e 0282
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TABLE 1 (contd.) O%1Ging,
{heg
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Type RiseriScreen Top Upper Bentoriite Fellets  Eottos Upper Bentonite Pellets  Top Lower Bentonite Fellets

2'
2’
2I
2-
2.
2.
2.
9’
2.
2!
2
2!

stainless
stainlese
stainless
ctainless
stainless
stainless
stainless
stainiess
stainless
stainlecs
stiainless
stainless

koring
[
BMN3A
ENVB
EMES
EMK94
hE R
BHR10A
g1l
ENWl1h
EMRiZ
BHHII
EHld

steel
sigel
steel
eteel
stee]
steel
steel
steel
stesd
stes]
steel
stepl

208,90 205, 0

205.9 205.9

04.0 , 203.3 199.4
200.7 193.9

207.5 204.5.

199.2 158,72 190.2
(203.9 o ) 27,8

202,0 196.3 191.3
20%.4 K R

1983 194.8 188.8
1%0.9 18%,7

200.7 196.8 - 150.9

Bottos Lower Bentonite Fellets  Screen Siot  Top Screen Botton Sereen

I 20 slot  205.0 201.0
: - - 20 slot 204.8 202.5

198.5 20 sist  203.3 199.5
—_— T2 stat 1599 193.3
- 20 st 204,5 200.5

185.0 C 20 slot o 187.2 190.2
S 20 slot 205.4 203.4
189.7 o 20 sl 194.3 192.8
: 20 slot 199.0 197.0

187.8 20 slot 197.0 191.4
- 20 slot 194,8 188.8

189.7 20 slot 198.8 £90.9
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cleaned augers and well casings were collected at regular aﬁ@m&
; \ = .
intervals for-quality control. When all drilling, sampling,

i

casing and-séraen.iﬂsfgiié;ibn prdcééufési&ére complete, all ]
wells were developed by pumping or bailing.
Undisturbed, Shelby tube samples of representative:
subsurface materials were taken during the drilling
operations.  Samples were submitted for laboratory analyses _°
of permeability, grain size distribution, and specific .
gravity of the sediments. _Thege analyses were. conducted by
the-soils laboratory of Dunbar Geotechnical Engineers of
Columbus, Chio. Twenty-one additiconal split spoon samples A
were tested .for Atterburg Limits (ASTM-B423, D424}, and
grain sigze distributieon (ASTM D422) by. Dvorak Geotechnical
Services, Inc., ¢f Richmond, Virginia., Resulis of the scils.
laboratory analyses_are;shown in Table_ 3 and Appendix 2.
Surface.s8gil samplés were collécted at 13 sites, from
depths of two ‘inches_to: two feet, to suppliement soil samples.
collébtedercm'tﬁeﬂbo;iggs anékmonitofing:wells. Sixty-six..ox . . .. ..
soil samples Wene‘seléctediby the Project Geologist for
analysis of total recoverable phenols.
Upon completion of:drilling and developing the
monitoring Ve;l§{ eachmof ;he wg;ls was e?acgated,a minimum
of five times, until pH and specific conductance stabilized,
and then water samples were collected. ~“The sampling was
performed by Environmental Laboratories, Inc. Water
samg;igg_wag;perfq;med;gtilizing a‘tefléﬁrbailer or

peristaltic pump. ~ All samples were collected in accordance — .

with standard field procedures, preserved, refrigerated, and

ﬁ@-‘x}i\’ﬁ TT & WILLIAMS, INC _
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transported .to.the laboratory within eight hours after. ﬂ@aﬁﬁ
L

_ {Rag

collection. lA\lispﬂofﬁchemical'paramgpers:analyzeﬁ is shown }

in Table 2. Comprehehsive analyses of phenclic.and

-

polyhuclear” aromatic hydrocarbon compounds,” which would have
allowed evaluation of the contaminants and natural
degradation of the contaminants, were not. completed because .
of apparent instrumental failure. In-situ measurement of . ..
pPH, specific conductance, dissolved o¥ygen, ahd temperature
was completed at each monitoring well. These parameters are
subject to change within the time to transport the samples

to _-the laboratory. In the case of dissolved oxygen,

significant /chdnges in the concentrations may take place
even during the sampling process. ~
Ground water and soil contamination contour maps have
been prepared.- -These maps, in conjunction with the ground-
water flow model, have been used to estimate the potential
for migration of the contaminants off-site..
In-5itu permeability tests wene;conducted'on'monitcringT o
wells 2, '3, 3A, 5, and 13.7 Theée tests were completed using.
a low diséhafgﬁ'péfiétaiﬁic.pgmp.p_ngwdo%ns and recoveries
were measured for,éaéﬁ’@éliq aha §érﬁéébiiity,of the
screened zone wés deééfﬁinéd”froﬁmgrééﬁicél analysis of time -
of pumping vefsusAnorﬁaiizéﬂ,haadgdifférential. Results are
shown in Table 4. ~ 7~ 7 = °© —
An earth resistivity survey was attempted in and around
the study area. Because of interference by electrical
linés, railways, foéds,53ewers;'énd the presence of standing

water in areas around the site, it was not possible.to

g -

RENNETT & WILLIAMS, INC,
AR 100286 -

00




|
®

o™ P o Wriamon Py

R s T,

JFPUTON atias bW, PP ww.

Parameters_”, e

Total alkalinity

Total Kjeldahl nltrogen

Nitrate .

Suifate - 3
“Total. dlssolved sollds
Chloride

(TDS)

Methylene blué-actlve substances

Magnesium
Iron N
Sodium
Potassium
Carbonate.alkallnlty
Hitrite .

Coppér | D =
Chromium :
Arsenic . _

Total phenols )
Chemical oxygen Hemand
Total organic carbon
Pentachlorophenol

Creosote . . e =

Temperature

pH

Conductivity .
bissolved oxygen

L S

naloofﬁ

N
4.

ET

-

k)
y

Table 2 - Chemical parameters measured in soil and ground-water
samples. during this investigation.

(MBAS)
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locatea _sufficient number &f resistivity stations to. v

provide meaningful data on the stratigraphy or extent of .  ~

contamination. U

Geologic cross-sections from previous investigations,
as well as séil data fron Porings and monitoring wells
installed during this investigation, are used to develop the
stratigraphic framework of the site. A fracture trace : —
analysis of bedrock of the site was used to identify any
fractures in the underlying bedrock.

The geologicrand hydrogeologic.data collected during
this investigation were. used to develop a three-dimensional
ground-water flow model. .The model is us2d to evaluate
potential vertical and horizontal flow paths in the
subsurface matérials, and detérmine the possible lateral
extent of the contaminant plumé.” It will alsc provide the
basis for evaluating which of the suggested remedial o
measures will allow the most timely and cost efficient
recovery of contaminated ground water. In specific, the
model is used to: .{l1) investigate the hydraulic relationship
between the weathered granite and the overlying regressive
fluvial sediments; ané ;he effect of_ the Hardpan, or semi-~-
confining layety*éﬁfifgyﬁafwgper'%%gw apd'ébntaminant
migration from the shallow perched water table to the
underlying semi-confined aquifer; (2} determine the

hydraulic relationship between both the shallow perched

"water table and the underlying semi-confined layer, with the

stream north of. the site and the_ponded areas east and

southeast of the site; and (3) provide a method for

12
BENNETT & WILLIAMS, INC.
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comparing the expedienc¢y and éffibiéncy of alternate

remedial action plans, to determine the most beneficial and

cost-effidient management plan for the_ site.
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Rentokil, Incorporated

SupaTimber Division
Post Office Box 2248
Norcross, Georgia 30091

Telephone: (404) 476-4871 B
Telex: 54-3628~ 7 .

LT —-PAGE 134

Added by I. K. Stalker, Rentokil, Inc. on 26th September 1986 .

SITE HISTORY (Page 14)

Please mote that zdditional bistorical information about the site has been
uncovered since this .repott wag redrafted.

The most significant change. concerns “the ”Blow—dqw Sump" referred to onm

Page 14, paragraph 1. 4An early draw:.ng shows that the sump was in fact one )
gection of concrete. sewer E:Bndult, buried w1th its axis wertical, and its '
uppey end lewel with the grade Tbls sump _Wwas_ 1n5tallad adjacent to the

first treating tylinder. -

The sump wZs~a Silkple 01l/water separator. The lower Water phase was
withdrawn by a pipe let intd The. condulL_at a 1ow level, and carried to the
early pond (on the site cf. the current concrete. pond)

As our understanding of.historical;detzil does change with time, we
recommend that reader’s*‘ﬁhacx. w:.th Re T.'.lel Inc.‘ be*ore makrlg decisions

based on préviocus” EUERtE. oo r oIt

e T R Isrolecting;bﬁdﬁ #mlra go&)ver Half A Century




“ SITE HISTORY

OR1G1x4
(Reg) ¢

Construction work on the Virginia Wood Preserving

Corporation site began in June, 1956. The plant initially

tfeated ﬂiéﬁwajhféﬂce éoégé-éné L;ii&iﬁéridies with CZAita
formulation consisting of oxides of chromium, zinc, and.
arsenic) and a watér repellent containing mineral spirits
and penﬁachlorophenol.'_At that time, one treatment cylinder
was used, and pollution control consisted of a blow-down
sump with a trap for waste water discharge. Wood-lined open
trenches collected spilleéed liquid from-the cylinder and
routed the liguid into :the blow-down trench. 01il was
recovered periodically from thé blow-down sSump. The.
location cof the blow-down sump wagé approximately where the
concrete holding pond is at present {see-Figure-2). The
depth of excavation of the blow-down sump is not known.
Based on the materials . encountered in a boring near the .-
concrete holding pond (boring CS, shown oh Plate 2), it . -
at least 4.21féét, and was subseguently filled to present
grade. I Approximately 3.1 fe&t of contaminated . clay,’
probably cowvered after the removal of the blow-down sump,
~was found in boring CS.. . °.. = " L OF

In 1959, vapor drying of oak decking was initiated . - -
vsing xylene vapor, and the cooling pond, shown in Figure 2, . L
was installed. After wvapor-drying, the lumber was treated.
with pentachlorophensl . in a solution of mineral spirits.
The.blow-dowq sump_was,;emoved, gndirgp;acgﬁ with the

14
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concrete holding pond used for separatidn and evaporation of

ORiGINA,
theg

waste water. The concrete holding pond was linked through
an underground pipe to a holding lagoon. This lagoon is no.,
longergﬁged,.and is referred to as the covered holding
lagoon shown_on Figure 2. The lagoon was unlined, and based
on aerial photographs taken in 1965 and 1969, overflow of
the lagoon occurred. The depth of the lagoon is not known,
however it is likely that the bottom elevation is within the.
hardpan layer forming the bottom portion of the regressive
fluvial sediments. - T

In 1964, a sécond treatment cylinder to be used for .
creosete, and a.creosotg—wa;er separator, were installed. A
fire retardant, consisting of ammonium phosphate and
sulphate salts, was used betweerni 1965 and 1977. 1In 1966,
the use of CZA was discontinuéd; and C&giggﬂfofmulatioﬁ
consisting cof oxides oficpppe;,rchromium,_and_arsenic) was
used. The use of xylene was alspo discontinued.

In 1969, a dry-kilh was inst&lled for treatment of
decking. A new system,’ eliminating the need for discharge
into the covered ho;ding lagoorm, was Installed in 1974. HNew
oil/water .separators were installed, along with a spray
evaporator in the concrete holding pond to evaporate waste. . . R
water. In 1977, treatment with fire refardants was
discontinued. A third CreOsote'CYIinder and second dry kiln
were installed in 1979.° -~ = -~ T

In 1981, the use of pentaéhlorophenol was discontinued,

and in November, 1983, the use of creosote was discontinued

5 L T o
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cca formulation is used for treatment at the site.
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GECLOGICATI . DESCRIPTION OF THE SITE

The site.is within the Piedmont. physipgraphic province,

near the Fall Zoné, which 7is a bpiindary separating the

Piedmont from Coastal Plain sediments. Topography in the ..

area is mature, characterized by gently rolling terrain.

The site is on a nearly levéel upland flat, sloping gently to

the morth. Maximum eleévation is 213.5 feet above mean sea

level {amsl) in the southwestern corner of the site.

Surface drainage is to the north and northeast across the

property, towards HNorth Run Creek. lMinimum elevation is

207.6 feet {amsl) in the northeast corner of the site. A

topographicredntour may of the study

area is shown in Plate

1. Stratigraphic ¢ross-sections_are shown in Appendix 4.

Cross~séction traverses are shown on

(Plate 2). . . . T o

the site location map

Bedrock _bkeneath the site is the Upper Paleczuoic

Petersburg'Grani?é;E;Unggathgggd,,tﬁis:beﬁﬁock is a coarse- - -

grained, porphyritic . granite with abundant feldspar,

muscovite, and Piotite. _The unit _is exposed approximately

' 6000 feet east of the site, and a small exposure in a. o

railroad. cut occurs. approximately 9077 feet north of the

site.  The gradient on the surfacé of.the granite slopes

gently toithe;gast,”g;_app;pximgtg;y'Sgiftémile, toward the .. _

Atlantic:Ocean. Figure 3 shows bedrock elevations at the

site. .Depth to.bedrock for this investigation is dafined as . @ ..

auger refusal.  Becausg of.the unéeven iweathering of the

18
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© Petersburg Granite, the regional slope of the unit is not e = le

readily apparent from FiguTe 3.

Joints in the Petersburg granite tend to have either a,
very steep dip, or are. horizontal, and trend in a northerly
or easterly direction. A fracture trend analysis of the site ... .-
has revealed no surface expression of joints. The deep
water supply wells on-gite are probably drilled into
fracture systems which provide a source of ground water .
through interconnected. joints. _Deep water well No. 1
{designated.’as Dl ©n Plate 2) was drilled to a depth of
425.6 ‘feet, and deep water well No. 2 (D2) was drilled to
244.6 feet.

Weathering of the bedrack unit has produced a
disintegrated granite that consists of light gray and white,
poorlywsortEd,'fine_tdtcoarse—gfained sand with 15 to 35%
silt, and 15.to 40% clay. In some areas 'a granite residium
with 60% or.more .fine to coarse sand has developed. Iron
staining is common, impar..ng a red coloration to the
weathered granite. Weathering has destroyed much of the
original rock texture and structure. - .

Table .3 summarizes 1dborTatdry teésts of engineering
propefties conducted on the soil samples.. The majority of
CL type soils according to the Unified’80il Classification

Syétem.' Cne sample was ¢lassified as CH, and two other

samples were classified .as SC. ,The plasticity index varies

from non-plastic to 30%, ahd the ligquid limit varies from 20

20
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to 50%. ;The'vOid,féﬁﬁaiis 5é£weeﬁk45.;na 53%, and the

t:-"."fz‘;—;?f

specific gravity of the material .varies from 2.6 to 2.7.

| The weathered granite is overlain unconformably by
regressive fluvial sediments. .These sediments consist
mainly_of“fewérked graﬁiteg:esidium_and diéintegrated
granite, that traveled.only a short distance before being
redeposited. These sediments are_yellowish-brown to
reddish-brown fine to coarse sand and €lay, often mottled
with iron oxide, showing no discernable depositional
structure. ...The fine to.poarse sand fractiodn varies from 30°
to 40%, the §ilt fraction varies from 28 to 25%, and the
clay fraction varies from 35 to.45%. Weathering has
produced thin sand seams, (SM type s_Qi__l__gL,,iﬁ some areas
within the.unit, with orientations varying from horizontal. R
to vertical. = The regressive fluvial sediments are also ML .
and CL .type soils according to the Unified Soil

Classification System. "The plasiticity index ranges £rom

non-plastic to 18%, and the liguid limit ranges from 135 to.

28%. . — - ... — T T

At the top of the fégressive,unit, a friable clayey
sand, or in some areas a hardpan cornsisting of loocsely
cemented sand, has develdped. " The develdpment of the
hardpan appears. to coincide with the preserice of the Colfax
fine sandy loam unit shown on the soils map (Figure 4).
This hardpan grades laterally into a hard, friable, clayey
sand in areas where tﬁe Pouncey sandy loam and the
Kempsville very fine sandy loam are presént. The hardpan or

friable. ¢layeéy sand layer restricts vertical ground-water .

22 o
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movement over mUch ©f the area, causing a shallow perched
s ORigy ks,
water table within the regressive fluvial sediments. 1In {Roy:

some areas the hardpan layer is dry, even though overlain by |
several feet of saturated sediment. Plate 3 shows the

elevation of the top of the hardpan, or friable clayey sangd

unit. .The positions of the soil units ccinciding with the
relative-dévelcpméﬁt of cementation within the layer are

shown in Figure. 4. 'In some areas on-site, specifically the . - -
covered holding lagoon ‘and the concrete holding pond shown

on Figure 2, the friable clayey sand has probably been
penetrated by excavation. Also, in the areas where standing
water is present, shown on Plate 2, and near North Run

Creek, the friable clayey sand is either poorly developed of
absent. The occurrence or absénce o6f the hardpan, or - - .. -
friable clayey sand unitl-con£rpls the hydraulic

relationship betweeh the shallow perched water table and the

weatheredVgranité;éqﬁ;ﬁgri: L
The. hardpan and friable ¢layey 'sand layer is classified ~

as SM and ML type soil according the the Unified Soil

Classification Syéﬁem.: The plasticity index ranges from .. e

non-plastic-to 10%, and the liquid limit ranges from 30 to

D% . o e

Soils which have developed on the regressive fluvial
sediments are identified in Figureg 4 (modified from Clay, .
1975). . The Colfax fine sandy loam (CoB).is a poorly draine?d
soil on level to gentle slopes. " This soil, and the other
soils present, are characterized by a 0.5 to 4.5 foot. sandy

clay underlain by a clayéy sand. The Tolfax fine sandy clay _ _

a fBEJ\]PQZ@—BCD ILLIAMS INC.
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of the soil profile.. The Pouncy scil, as identified by the

T

Soil Conservation Sefvice, is a poorly drdined Colfax series -

soil with a clay substratum that varies’

from friable to very

loosely cemented. The Kempsville fine sandy loam is a well

drained soil on gentle to Steep slopes.

Runoff is medium,

and a friable clayey sand layer is present.
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HYDROGEOLOGY OF .THE SITE
ST e Wt

Hew.
The Petersburg granite is a highly fractured, confined, ~

aguifer.. Deep wells on-site, shown as Dl and D2 on Plate 2,

-

weré driiled tofdéptﬁé'%f-425,6 éﬁd é§4i6i%éet,

respectively. Fracture trends within the unit tend to be

either very steep or horizontal, therefore it is quite -

likely that the wells produce from the same fracture system.
Because of probable interconmecticon with the shallow

weathered granite. agquifer, caused by leakage around the well

casing, static water levels recorded in wells Dl and D2 are L

suspect. On _ April 26, 1985, static water level was 5.7 feet  _

"below the surface (206.5 feet amsl) in D2, and 7.42 feet

below the Slirface (205.8 feet amsl) in Dl1. The water level
in Dl was at 1least 150 feet below”the'surface after pumping
at 7 gpm for approximately 138 hours, and the water. level in
D2 was only 34.5 feet below the surfacegaftezhbeiné pumped
at the same rate for . 112 hours. This may indicate that the.
deep wells are screened in fracture zones of variable.
frequency and inte¥cdbhnection. It could also be caused by a
casing leak, however, allowing cross-connection with the
weathered granite aquifer in well D2. Casing leakage may be
the cause of shallow static water levels in D1 as well,
Shallow waier bearing units at the site consist of a
four to ten foot layer ©f the regressive fluvial clayvey
sands unconformably underlain by sevérely weathered granite.
At the base of_the regressive fluvial'sediments; a friable

clayey'éaﬁi 6ffhafép;ﬁ-ié:§rés§nt}"upéﬁéﬁﬁicﬁ'awshallow

@%\}\g ﬁTSEUIEILLI AMS INC
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perched water tableﬁdevelbps.- The weathered granite has a

-

The hardpan, or friable clayey sand egquivalent, at the
base of the regressive fluvial sediments, exerts a dominant . .

influence on ground-water flow in the unconsolidated

sediments overlying the granite. The hydraulic relationship
between the shalltiw perched watér table and the semi-

confined weathered granite aguifer depends on the

permeability and thickness of the hardpan or friable .clayey’

sand. The permeablility and thickness ©f this unit vary
considerably across the site, and are related to the soil . 1~
types shown on Figure 4. In areas of the Colfax fine sandy

loam, a wvery hard, cemented hardpan from 1.5 to 7.5 feet

thick restricts vertical.ground—watgf movement. RBorings

that penetrated to the weathered granite aguifer in these . - _
areas encountered saturated sediments abcove the hardpan, and
confined conditions beIow,Ehéﬂhérapgﬁ: however, the hardpan
sediments were dry. The friable ¢layey sand associated with
the”Pouncey saﬁdy'loamiand_the‘Rempévilleyvery fine sandy
loam is typically weakly-cemented, and borings penetrating
into this unit encountered moist to dry conditions. Near
North Run Creek, and within the areas containing standing
surfaceswater, saturated conditions were encourntered in this. B
unit, indfecating-that vertical percolation does occur.
However, the permeability of the hardpan in these areas is

much lower than the sediments above dnd below, so that

27
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piezometric levels above and belew are interconnected, but

The wWeathered granite_aquifer underliving the hardpan or,

¥

friable clayey sand unit provides ground water for local
shallow water wéils”in the area; Deptﬁ to the unit varies

from 4.5 to 14.9 feet below the ground surface, and the .
thickness varies from 3.6 to 39.0 feet. Based on laboratocry
and in-situ permeability tests, and thicknesses. encountered

in wells and borinés, transmissivities within the unit vary

from 2 to 12 gpd/ft (0.B03.to 0.92 ecm?/sec). The

transmissivity data is normally distributed {Kolmogorov-

Smirnov statistic = @.201; significance = £.197), and based e

on a Student's_ t-test, ;an"bérappro&jmate@,by a mean value
of 9.2 gpd/ft (0.013 cm?/sec) with a standard deviation of
4.5 gpd/ft;XD.QﬁBS;ng[gég).';igble“4_§gow5;yalues obtained
by laboratory and in-situ.permeability tests.

Plate 4 shows a_patentiometriéTsurfage,contour map .
constructed from plezometTic. levels measured on January 37,
1986, in monitoring wells screened within the weathered
granite. Piezometric_Levg}sfwighgngthe;aguifer are e
generally above_the bottom of the overlying hardpan or
friable clayey sand layer, indicating gonfined conditions.
Ground water fIows north and northwest across the site at
graﬂientsfvarying,ﬁroﬁ;QtQQg tg,glg07t§t/;£, with gradients
increasing to.8.01 ft/ft near North Run Creek. A ground-
water divide trends along Parham Road sguth of the site. . .. _
North of this divide, ground water flows across the site and

into Nor*h Run Creek, and scuth of thée divide, ground water

28 . £
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Table 4 - Values of hydraulic conductivity, and transmissivity, measurad
by in-situ well tests, and laboratory analysis on undisturbed

suil samples.
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flows sbuthward toward another tributary of North Run Creek.

The. ground-water divide deviates _from Parham Road in the s

area of standing water southeast of thé site. 1In this area,

3
1

the friable ¢layey sand unit is saturated and has a higher
permeability than the majority of the restrictive unit.
This has resulted in. gfound-water discharge at the ground
surface, and the standing water is apparently an expression
of the piezometric.levels within the weathered granite.,,A
similar condition occurs north of the site near North Run
Creek, resulting in ground-water discharge to the stream.

The potentiometric surface_of. the shallow perched water
table in the sediments overlying the weathered granite S e
aguifer is extreniély sénsitive to.recharge through
infiltration.  The depth of the water table varies from 0.0
to 4.6 feet bélowftﬁé”éﬁfféCe{‘and‘saturéted'thigkness
varies from .8 to 7.4 feet. The hydraulic.conductivity of ... _
the. unit, based on laboratory éﬁd:ih;sftu p§;meability
tests, varies from 8.2 to.2.8 gpd/ft?'(9.4xlﬂ'6 to 9.4x10°°2
cm/sec), and_ayerages,1.3rgpd/f£;ﬁLE.lxlﬂ"S cm/sec). These . .. .. .. _.
values correspond with infiltration rates. for the s0ils
present, reported by Clark, 1975.

Plate 5 shows_a poteritiometric surface contour map
constructed from Water .levels medsured .on January 372, 1986,
in monitoring wells and scréened borings, screened above the
bottom of the regressive fluvial sediments. Ground-water
flows north and northwest across the site, except in areas =
within the.standing water environs, where mounding in the

shallow. perched watdr tablé gaudgsds flow directions to .. . .. Lo

16 A : -
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deviate to.the east and west.. Ground-water gradients vary
from E.BGBHthG.Gz_ft/ft,'and aggrage D.ﬁl'ft/ft. A ground- -
water divide is evident south of the site, trending along 3

' '

Parham Road. Ground-water mounding in the: southeast portion

of the study area causes ground water in the shallow perched
water table to flow.socuth across Parham Road. Ground-water
from the shallow perched water table discharges into the
stream tO'the"ndrth-of tﬁe éité:m-- -

On January 3d, 1986, when théeé watér levels used to
.construct Plate. 5 were measured, the potentiometric surface . . = ..
in the shallow perched water table was higher than the
potentiometric surface in the weathered granite aquifer.in
the western portion of the study area and around the areas
of standing water. This area is designated as Zone A on
Plate 5. Zone B represents the area where the
potentiometric surface.in the shallow perched water table
was lower than the potentiometric. surface in the weathered
granite. The boundaries betweén Zone A and Zone B, shown Dby
the heavy lines ©n Plate 5, represent the intersection of .
equal.eguipotentiai lines within the shallow perched water.
table and the weathered granite agquifer.

In ébne“A, fhejrest}iéiiéﬁigf;véréiéai goﬁnd—water
movement by the hardpan or-friabie_clayey sand causes
ground-water to flow horizontally along the base of the
the_ Virginia wWood Preserving Corporation property, the
regressive fluvial sediments were- unsaturated on January 30,
1986, resulting in' theé apparent flattening of floy gradients

A
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shown on Plate 5. This condition has resulted from a lackjp,:

of recharge from infiltration of rainwaters, and discharge

3 ' " In the areas cEJS£andfﬂg'wé£§£;'sﬁﬁﬁn on Plate 2, and
near North Run Creek, recharge and discharge of the
weathered granite aquifer occurs in response to the relative
positions of the potentiometric surface elevations in the
two aguifers. In these areas there is a relative increase
in the permeability and decrease in the thickness, or the

i absence, of the friable c¢layey sand unit. Where these .

{ conditions are present, vertical ground-water movement is

not as restricted as in otliér areas, where the hardpan or

r . 7“7}£iablénéiayey Eahd*ﬂnifjis*wéll;deveiébéﬁ. When the
potentiometric level in tbg"shallowiperchédjwater table is

. higher than that of the weathered granite, recharge of the

weathered granite occurs at a rate commensurate .with the - . B

vertical conductivity of the friable clayey sand unit. When

the potentiqmetric-sﬁffacé"iﬁ;the_sh@llow,perched water : - -

table is lower than that of the weathefed granite, the

weathered granite aguifer discharges water upward into the
shallow perched water table. o
Water levels measured in November. and December, 1985,

I shown in Table 5, and field observations of saturated

conditions duririg the installdation of borings BS through NS

during the first. two weeks of. November, indicate that the . .

elevation of the shallow perched water table during this

period was higher than the elevation of the top of the

. hardpan or friable.clayey sand. This immlies that when

B2 :;ggﬁ;n\ﬁﬁggﬁ Lj;numzs. INC,




sufficient recharge of precipitation is available, ground-

i water discharge throifighout the shallow perched water table

-

occurs, and the potentiometric surfacé in the shallow
perched water .table is.greater than the pctentiometric
surface in the weathered granite.

On January 3@, 1986, the weathered granite aquifer was
apparently discharging ground-water into the shallow perched
water table within the Zone B area juskt west of the area of
standing water. southeast of the site. This resulted in an

i influx of water into the area of standing water, and a

l corresponding decreasé, in the potentiometric .surface.of the
weathered granite aguifer. This condition also resulted in

I an influx of wate¥ into the more permeable fluvial
regressive sediments, fthereby creating the circular ground-

. water mound surrounding the areas of standing water. -
i
E
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Table 5 —Static water levels measvred in monitoring wells, Upper table -F;
iz water levels within the weathered granite aquifer. Lower v
table 1g water levels in the shallow perched water table

aquifer,
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| THREE-DIMENSIONAL GROUND-WATER FLOW MODEL .

A ground-water flow model of the study area was
developed from _geologic.and hydrogéologic data obtained

during this investigation. The USGS modular three-

dimensional. finite-difference ground-water flow model
computer program was used {(McDonald, and Harbaugh, 1984).
Calibration was acheived by selectively modifying hydraulic
coefficients and flow characteristics until the model-
generated pqtéhtiometric,surfaCe,ofrthe shallow perched
water table and weathered granite aquifer approximated the
obserﬁedLi;Qeis méé§uféd:oﬁ"NbV§ﬁbér 21,“1935, and January
3¢, 1986. "Model bounéaries and nbdai dééigﬁations are shown
in Plate 6.~ . ... 7

The hydrogeolsogic dafa used to dévelop the model, and
the model outpufis ghown in Appendix 3, along with an

explanation of the various Qat@;matriges_gﬁed. The model

output indicated that aguifer boundaries,_ as shown on Plates
4 and 5, are corréctly located.. It. appears that ground
water, dischargingtupwarg f;om gbgwweqﬁhgred granite
aguifer, is entering North Run Creek, and that the weathered
granite aguifer and the shallow perched water table are ._..
hydraulically continuous _in this area. )
The ground-water flow model indicates that discharge
through the modeled area7is.approximately 520 gpd. O©0f this,
discharge through the Virginia Wood Preserving Corporation

site is estimated to be 135 gpd. “Volumetric budget error

for the model. is 1.0% gpd.

i
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Although pﬁiibf%ﬁign;gﬁs_aﬁﬁeiﬁed.uging water levels

measured on November 21, 1985, and January 38, 1986, the

model can be used:-to simulate various precipitation events,

and corresponding water level fluctuations. In addition,
gfoundewéﬁerffiéﬁfdi}éétiéné,-aﬁdréradieﬁts, induced by
alternéte‘pﬂhping‘réteé_éﬁd_pumﬁihg Q;ii ;fientétions can be
simulated in an attempt to identify the most efficient, and
cost-effective system for recovering contaminated ground -

water. CoE ToUoTmoUmmrE oI o T T e T T T

+ 0N
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EVALUATION OF MONITORING WELL CONSTRUCTION

Construction of monitoring wells 1, 2, 3, 4, and 5,
installed during a previpus investigation at the site, may
allow cross-contamination of ground water from the shallow
perched water table into the weatheéred granite aquifer.
Constriction of these wells involved hollow stem augering,
with augers that were not cleaned prior to each use. Prior
to setting the PVC screen and casing; augers were removed
from the boring, thereby allowiﬁg contaminated surface . .
sediments intd the screehed zoneé below. After setting the
screen and casing, the portion of the screened zone that had
not caved was-packed,with pea gravel. 3Above this,

potentially contaminated. surface soils, mixked with dry

bentonite powder, was placed to within a few feet of the . R

surface. This backfill material precbably does not have
sufficient consistency, or impermeability, to provide a gpod.
seal .around the well casing. Because ordanic compounds are .
adsorbed -on the PVC materials, dnd because of the slow
release of the contaminants from the PVC, even if
contaminant levels in thé ground wdter around these wells .
were -reduced to non-detectable levels, samples collected.
ffﬁm*theéefﬁéiis_héy'néﬁérﬁhéIéSSﬂéﬁow’traéé organic-
contamination. I
Because of the potential'forvcross—tpntamination, and
the limited usefulness of theée_wells in monitoring water

gquality within the subsurface formations, it is recommended

that these wells be removed and properly plugged.
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Replacement wells should. be drilled using appropriate
-drilling methods and materials. Wells 6 and 7, also
cbnstructed,onPVCfSCEéeﬁ'and casing, should be developed
and sampled. 1If organic contaminants are detected, then

these wells should ’d@lso be renmdved, propérly plugged, and

ébandoﬁed. Cel e e

Stainless steel scréen dnd casing materials were used
in the wells installed during this investigation to avoid
the accumulation of organic compounds not representative of
ground-water quality. The screen and casing, and the
materials used tH backfill, were placed in the boring at six
inch intervals as the auger stem was raised. Sand pack
material was chosen on the_basis of streen size, and
consisted of. filtered silica sand. A layer of expandable
bentonite. pellets was placed directly abgve the sand pack,
and bentonite slurry was used. to backfill. o the surface.

Because of the use of bentonite pellets and slurry in
the monitoring wells, certain chemical parameters, including
COD, sulfate, dissolved oxygen, and chloride, may
temporarily exhibit elevated concentrations until the wells
are fully developed. Values of alkalinity and total
hardness alsd may be temporarily reduced (Brobst and Buszha,
1986).

The borings designated with _an "§" following a letter
(for ‘example, boring BS) have PVC slottgd screens and
casing, surrounded with sand pack, and backfilled with
bentonite pellets. These borings were s¢reened for

observing the shallow perched water. fable and the non-

g T
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aquecus phase liquids, and are not intended for ground-water

monitering. . The. screen and casing should be. removed, and

borings plugged, when observations

are complete.
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EVALUATION OF_ DEEP WATER SUPPLY WELLS

The deep water wells, designated as D1 and D2 on the

e

site location map, were:drilled some time ago, and boring

logs could not be located. The depth of DI is 425.6 ft, and

the depth of D2 is 244.6 £t. The depth of surface casing in -

these holes is not known. Because static water levels in

the wells are similar to water levels in the weathered

granite aguifer, either.leakage of ground water from the
weathered granite into the wells is coccurring, or the

weathered granite and granite aguilfers are hydraulically
connected through fractured zones. In either case,

monitoring of water. quality in the granite aguifer is - .. .
required. As discussed previciisly, prolonged pumping of o
well D2 indicated that groind water from the weathered.

granite may have discharged intp the deep well at rates
consistfent with a casing leak or bBrédk. Pumping of well D1
indicated.that ground-water discharge from the weathered
granite into the qeep well probably occurs- at much lower
levels. o -

| Chemical analysis ﬁf sampiéé éoiiec%ed'from these -

wells, showh in Table 8, indicate that organic compounds f L
were present in well D2. To evaluate whether cross-—

connecticon, or hydraulic interconnection, with the weathered

granite has contaminated the Petersburg granite agquifer, it .. _. .. .. .
is recommended that three deep mohitoring wells be installed .

in lcocations shown on Plate 8. Spécial rare should be taken

in drilling ahd cohstrucdiing these ménitoring wells to

40 -
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prevent crossfconngctigés, andg prevent ;ontamination during 7 QE,
drilling. ~If crof&-connéction between the¢ weathered granite .
aguifer and the _Petersburg granite aguifer .is responsible. .
for - the contaminant concentrations detected in water samples .= = .-

from theée-welié;_the éééiﬁgs of wells D1 and D2 should be

removed and the Wells properly plugged. ..
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OCCURRENCE AND MIGRATION OF NON-AQUEOQUS PIASE LIQUIDS

Y TIT I

MG
e
inad

Inthe past, creosote and pentachlorophencl-based wood | -

7

preservative formulations have been used to treat lumber at

the Virginia Wood Preseérving Corporation site. At present,

- CCA (copper, chromium, and arsenic oxides) solution is being

used. . Based on the ¢hemical analyses. available at this
time, it appears that creosote, pentachlorophenol, and CCA
have entered the s6il and ground-water environments. Data

is not.available to eValuate any poteéntial contamination by

CZA, No. 2 fuél oil or xylene formulations.

Field observadtions have indicated that three phases of .. . _ .

contaminant, which will regquire separatée consideration from
an investigative and remedial standpoint, are present at the
site. The first of these phases is a light non-~agueous
phase.liquid, present within the unsaturated (vadose) zone .
and within pére sbacés 'in the upper portion of the saturated .
zone. The second phase 'is a densg, immiscible liquid
present within the saturated.zone: A third phase of
contamination consists . .0of dissclved organic and metal
constituents within thé saturated zoﬁEy |

Chemital analyses of the organic compounds in the
various phases have not been completed., Based on previous _ .
investigations _and res&arch on similar creosdte and.
pentachlorophenol formulations, certain pbstulations can be
made regarding the orgdnic¢ compounds present within each

phase. -7 ° - oo o Lo T LT
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Creosate ig d Bompleéx mixture of chemical compounds T
7 SX_mixture ¢ i ' ST

consisting of as much as B85% polynuclear aromatic fReg

hydrocarbons, and up to 17% phenclics. .Other compounds !
consist of numerous.nitrogen and sulfur containing
heterocyclic compournds (U.S Forest. Products Lab., 1974).
When mixed with water, creosote has beén known to separate
into. two distinc¢t phases: the phenclics, being fairly
soluble {(on the order of 18 gm/l) form a light agueous
rhase, and ;hgwpglynucleqz;gyomatgggﬁydrqcarpgns{rbeing
slightly soluble to insoluble (on the order of £0.932.gm/1)
form an Immiscible hydrocarbon phase. ~Although some of the
polynuclear aromatic. hydrocarbons in creosote (such as
phenanthrene), as well as mahy of _the phenolic compounds,
are less dense _than water, many ©of the polynuclear aromatic .
hydrocarbons present in creosote.{such as napthalene,

and many of the phenolic compounds, are more dense than
water. Therefore, it is theoretically pcssible for an
immiscible.hydrocarbon phase, formed from creosote, to

further s&parate .into phases’ that _are lighter than water,

and heavier than water. . ___ ~7=°° 7 __~ .- S

Before dismussing the gdistribution of contaminants at
the Virginia. Wood .Preserving Corporation site, it is helpful . —
to review some of..the principals governing the occurrence
and migration of non-agueous phase liquidsgt =~ An in-depth
presentation of theoretical concepts is presented in several o
texts describing two-phase. immiscible flow, and is

substantially beyocid the. scope of this report. oOur
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!ZE:D§L;}£SSLOn is llmlteé £ﬂe£§£§ré;t;:sumﬁar121ng somez o the

generaiwprinciplésfihvdlvéa'in evaluations of immiscible

liguid migration and recovery.

Interfacial Tension =~ _ ..

The ablility of two immiscible fluids to flow through
the same porous medium is largely dependent on the
interfacial tension between the two fluids. Interfacial
tension reflects the net .inward attraction of .fluid ' .
molecules in contact with another fluid. 1In the case of a - _
ligquid in contact with air, the term surface tension is -
commonly used to describe the same forces. The interfacial
tensicon between the non=-agueous. phase ligquids encourages the
immiscible liquids to form droplets within the water. These . .__
dropleis have greater  difficulty sgueezing through the
interconnections between pore openings, such that the.
droplets are oftén retiifmed within the pores.

The inter=relaticnship between interfacial tension anq
capillary openings is demonstrated by the formula:

| Pc = 2 T cos /r: | .

where Paris.capillary pressure, T i§ interfacial tension,
and r is the radius of the capillary opening. Although more =~ ~_
complicated equationg involving pore aspect geometry are L
normally used for defiritive computations, this general
equatlon correctly illustrateés.the relationship between the
various. terms. The greater the capillary pressure, the more
difficult it is.to sgquéeze. immiscible.liquid droplets

through the.soil. Tt .is. evident that capillary pressure |
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will increase as the . interfacial ténsioh Between the liguids

increases, and as. the size of.capillary openings is reduced.

The cos term is a measure of the wetting tendencies

of the two flnids. Under most normal circumstances, water.

is the wetting Fluid. Although the angle of wettability is

almost impossible to accurately measure.in a porous soil
material, with water as the wetting fluid it is common to
assume an angle of zero, for . which . cos. lequals one.
Research has shown that slight deviations "from this
assumption in most field situations have little influence on
the correct interpretation of forces acting on the
immiscible liguidsy~ T T T

Aithough the components. comprising the non-aguecus

phase liguids at tHe ‘site are not Xknéwn at this time, it is

probably accurate to assume a surface tension between water. ... _ _

and the non-aguecus phase liguids between 44.2 (interfacial
tension'bE£weeﬁ napthalene and water) and 33.1 dynes/cm
{interfacial tension beiween phencols and water). For the
purposes of disclission, valdes 0T theﬂinteriacial,tension
between water and air (surface tension) and water and the
non-agueous phase..liquids are assumed to be 73 and 35
dynes/cm, regg?ctige%y,;

Residual Saturation_

Residual saturation is commonly désctibed as the

irreducible qguantity of immiscible liguid, retained in pore’™’

openings, that cannot be removed from the soil by flushing.

t is usually éxpreéssed in terms of percentage of total

45
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porosity.  The congept of dirreducibility is not totally

correct, and often causés misunderstandings. It is more.

Residual saturation is inter-related with realtive

permeability. As a general rule, relative. permeability'of

sediments. to immiscible. fluids approaches zero as their

saturation decreases to.about 15% of . pore volume. This

value will.vary with pore size and ligquid .characteristics,

within a reasonable .range of plus or minus 5%.

I+ is alsd importafit to note. that this concept of

irreducible saturation similafiy appliés;to soil water. The .

minimum residual Saturation of.watef in the presence of

immiscible liquid§™is ¢ofmonly HsSUmed to be about 23% of . o ..

pore wolume.  Therefore, even in zones of free-flowing

immiscible lighid, Where the relative permeability of the

soil to.water may be 1{0% or less, water saturations of one-

third to one-half thé pbre volume would hot be uncommon.

Calculations of immiscible ligquid _guantities in soil that

fail to recognize the partial occupation by water may

seriously overestimate the actual volume

liquid. el

Immiscible Liquid Stringers =~ 77 . o0 )
Iriterfacial fTension causes droplets

Qf

ok

£
e

_immiscible

light immiscible

prevented from further migration. | The gradient of water

floWw @cross’d single pore.is normdlly not sufficient.to
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overcome the capillary pressures resisting the squeezing of
the immiscible 1igquid drop through the capillary opening.
If the immiscible liquid dropleta agglomerate into strings,

however’, caplllary pressures at each end remain the same,

but now an additional flow.gradient will be pushing against

the.stringer. . At some_length, relative to the soil's
particular pore aspect geometry, the stringer will begin to
move. S

For.stringers in theé ¢vertical orientaion, bouyancy is
the driving force. ' For stringers in the hoxizontal
orientation, ground-water flow provides the driving force.
TheTprocess is intermittent, as. the s;;;nge* breaks,

agglomerates.w1th new droplets, ‘and moﬁés .again. But it is
liguid™i§, the more likEly“ituwill be to migrate.
Conversely, 1rregular and istlated 1mmlsCLb1e liguiAd
droplets,_ 1n heterbgeneous materlaTs, wlll be difficult if

not "impossible . To.move.T T TTTT 0 1T

Threshold .Gradient B
Reszdual immiscible ligquids are not irreducible, but

can be mobilized by increasing hydrauvlic gradients above a

threshold value. This threshold gradient can be evaluated

in terms of "thé Capillary Nuffiber, Nc, a dimensionless ratio

of capillary forces.to viscous forces: . . _
The minimum capillary number for-.initiating residual. -
immiscible 1iquid movemernt is approximately 2 x 10 {Wilson

and Conrad, 1984}. For an interfacial tension of 35
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dynes/cm, and the average hydraulic éandictivity of soils at .
the Virginia Wood Preserving Corporation site, the critical .-

hydraulic. gradient 'for fobilizihg the immiscible liguids is -

227. Likewisé, the gradients required for removing 579% ang
100% of the immiscible liguid residual are determined to he .
3418 and 14,80, respectively.

In uncornfined aguifers, the maximum hydraulic gradient ..
that can be obtained is 1.8, such as experienced during
gravity flow. THhis is:leéss than 0.5% of the minimum
gradient required for blob mobilization. Hydraulic
gradients could be_artificially increased to 227 only by
enormous ponding of water above. the ground surface or by
injecting water at . excessively high pressgures. . Obviously,
neither of these two artificial procedures are practical in
this instance. = It is thus apparent that, aside from areas
where.free~flowing immiscible ligquids are present, recovery
of residualaimmiscibleiliQUid by pumping and wvater-drive

methodS-will“nét;be'suécessful. .

Thickness .of the Non~Aqueous Phase Liquidls...

In most field investigapions“df ngn-aqueous phase . ..
liguid contamination, estimates of the quantity of
immiscible_liquid in the ground are.usually reguested.
Howéver, these estimatéguare seldom feliébie,'becauée it is
extremely difficult to measure the thickness. of the non-
agueous. phase liguids in the ground. It .is well Xnown that
the. thickness 0f light immiscible liquids, which exist in

the unsatuftated zone and in the upper portion of the
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saturated._zohe, MeEastrsd in é‘w911, 1% niot representative of N
the.actual thickness in the ground. _Although many equations
and theories have been proposed far quantifying the s
relationship between thickness in the ground and in wells,
none of these eguations consistently apply to field
conditions. A useful approximation is often used, wherein
the thickness of the light immiscible liguids in a well is
assumed to be two to .four . times greater: than the thickness B
cf the immiscible liquid in the formation. Since more . -
detailed computations often fail to provide more useful
answers, this mdy be the most useful first appreximation in
lieu of more definitive field dat&a.

As non-agueous. phase liquids migrate downward through
soil materials abové thé ground water surface, some of the
immiscible 1liquid is refained by the soil paricles, while . .
the remainder continues:downward. . If the supply of non- . -
aguecus phase liguids e%ceeds .this retention capacity, the
liéuids will eventually migfate .dowi to _the top of the
ground-water surface.: Immiscible liquids which aré lighter
than water will spread through the capillary zone, while
dense immiscible. ligquids will move through the saturated B
zone in a manner dependeént on the capillary pressure,
gravitational forces, and Viscols forées, as discussed
previously. The capillary zone is the partially saturated
section of the soil above the free water table, where water
is held by capillary for¥ces at below . atmospheric pressures.

As shown by the preceding eduation forligcapillary pressure,

- AR100326

the smaller the radius.of the capillary tube, the greater
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will be the capillary pressuré . and the height to.which the . = - -

immiscible ligquid will rise. “If a heterogeneous soil o

r
b

. composed of ¥ariable particle and pore sizes, the height of
rise and relative liguid saturation will vary. Thus, some
tubes will be completely saturated while other adjoining

portions will be only partially saturated, even at lower : . -

levels. = U

This concept'ié,cgiticé;,igx understanding the
thickness of light immiscible ligquids in wells. Immiscible... .. .
liquids will flow more readily through those portions of. the
capillary zone where water saturation is reduced. At lower .
portions of the capillary zone, where water saturation will
be 7C% or more, immiscible liquids will move very slowly if
at_all. On the other hand, near the top of the capillary
zone, where water satufatiohs are 38% or less, the
immiscible liguids may @move rathér. freely. Baseld on recent
research, the thickness of. freé-~flowing, light immiscible
liguid ét thé.éép oftiﬁg“éaﬁiklgfy f;ing§,in the clavey fiﬁe"_
to medium sands present at the site_cfuld reach between two .. .

and ten inches, d8suming Saturation of non-agueous liquid.

m— p— .P~f1l" L — g -

When this free-flowing light immiscible liguid reaches .. . -
the well, therefore, its position at the top of the
capillary zone is above the free water surface in the well.
As the immiscibléiliquid_flows_intoffhe well, it fills -
betwegen these two levels. | The greater the height of the
capillary zone, the greater the thickness of immiscible

liqu—a in—-the,,wgll * a H - I R

FI
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Rather than measuring the thickness of a light

immiscible 1iguid in thHe well, it is usually more meaningfgiﬁﬁﬂ_
to .evaluate the presence cf the ligquid in soil samples.

This can bé&€ used in coRjunctidn with determinations of .
capillary zone characteristics, to estimate the actual
thickness of soil through which light immiscible liquids

flOW. R ___-,__ . 7 . -

Refraction of Flow Paths

There is ©né final consideration before describing the. .
distribution7o£fimmiSEibi; 1iquidé at the site, and that is_ = .
the refracticon of “filow Paths cddsed by variations in
hydraulid coriductivity, An illustfationh of how this occours:--. -
is 'shown in Figure 5. Note that.the flow lines are
refracted twice, at each change of matérial. As shown in
Figure 5, this réfraction follows the relationship, -

K, _tan Op
K2 tan O

where: K, is the permeability of layer 1,

K, is the permeability of layer 2.

Oy and 0j aré angles Of refr§ction: " "~

This principle is useful for visualizing the flow of

ground water and the immiscible liguids in the fluvial

regressive sediments and the associated hardpan and friable. ... ...

clayey sand layer at theé Virginia Weod Preserving

the K2 > Kl illustratiod in Figuré 57is similar to grouni-
L
water flow conditidéns Within the shallow perched water .

; Lo T . s :
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Hydraulic
conductivity Ky

__’/_Boundary

© hydiaulic
condugivity Kz

Uy

Fig. 5 .- Refrection of flow 1ineg mcross a,lbbundéry between media of different.
hydraulic conductivities (from Todd, 1980).
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table. At _the Virginia Wodd Preserviny Corporation site,

the ratic ¢f K2/K1 probably varies from ten to infinity
(infinity répresenting no flow through the hardpan)}. In the; -
region where immiscible liquids have been detected, 2/l is .. ... . ._
approximately 180. "Ground water and dense immiscible ..
liguids will flow pféféréﬁéiaily‘thfgﬁéh ﬁhe clayey sands of
the regressivé fluvial _aquifer overlying the less permeable _
restrictive hardpan.

The decreasé in pore Bize asdociated with the
restrictive friable clayey sand layer alsp has an important .
effett on wigration of the dense immiscible liquid. As the
liquid moves vertically under the force of gravity, it is
influenced by capillary préssure, and the force exerted by
the. flow gradient. Figure 6. illustrates.the variocus effects .
of the forces at work on the immiscible liguids, and the
resuliing theoretical distribution of fhe non-agueous phase.
liquids. When a dense /immiscible liquid encounters a layer = .
of low.perfeability, drid the associated Gecrease .in pore
size, the capillary pressure is increased (Pc  1/r), and
unless theé vertical graddient is much gréater: than the
horizontal.gradient, the low permeability layer will serve . .

as a barrier to the immiscible liguiad.
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Figure .6 — Distribution o

perched water

f non-aquecus phase liquids in the shallow

table aquifer.

WATER = 100%

SATURATION LIQUID PHASE
WATER<30% FREE-FLOWING LIGHT
CARHLLARY_ZONE- {MMISCIBLE LIQUIDS
RESIDUAL LIGHT IMMISCIBLE
LIQUID
WATER> 708 ___ 1
whTEd ThBLE BROUND WATER WITH

DISSOLYED ORGANICS
(AQUEOUS PHASE)

WATER > 808

GROUND WATER WITH
RESIDUAL DENSE IMMISCIBLE
LIQUID

85% > WATER > ISR

DENSE iMMISCIBLE LIQUID AND
"RESIDUAL " GROUND YYATER.

CHANGE IN POROSITY

BROUND WATER WITH
DISSOLVED ORBGANICS
{AQUEOUS PHASE)
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The history of operations fgr the Virginia Wood -
Preserving Corporation sité identifies sevefal possible -
sources of .contaminant.  The most obvious sources of
contaminant on-site. are. the covered holding lagoon, and the
area of the blow-down sump prior to its removal. When
referring to the sources of contamination in this report,
the blow-down sumﬁ'éhcompassés the entire area around the
concrete holding pond, constructed over the blow-down sump.
This is ﬁééﬂt“ﬁo avoid any Eoﬁfﬁéion thcﬁ'may result from
referring to the blow-dowh sump, which is not shown on the
site location map, and is not meant to infer that the
holding pornd itself is the source of_ contamination. Other
sourc&s’oi.céﬁiémfﬁgfibﬁ_aré,nuniéff:éna seepage of wood = . .
preserving formulations used in the treatment process, and
surface run-off of contaminanted vater.. . .

The non-aguebus phase ligquids, which probably
originated from the covered holding lagoon and the area
around the holding pond, appear to. be restricted to the
shallow perched water table on~site. These contaminants
provide_a constant source of agqueous contaminants to ground
water, through slow dissolution of the organic compounds S
into the agueous_phase. T T -

Water samples’, collected from the covered holding
lagoon in April, 1985, contained creosote concentrations

varying from 34 to 5659 . ug/l, and Pentachltrophenol

concentrations from I76 to. 516 ui/l. A composite sample of

55. -

_AR100332

BENNETT & WILLIAMS. INC,




soils taken from the covered holding lago®dn contained a

“as

creosote concentration of 4923 ug/Xyg, and 4809 ug/kg : mg;w(

pentachlorophenocl. Copper, chromium, and arsenic ,

concentrations indicating contamination_were also detected.
A soil sample €&llected from boring €S, néar the holding
pond, contained 4700 ug/kg total reggverable phencls.
Light Immiscible Ligquid Contaminant

As discussed _previously, the light non-agueous phase
liquid cbserved at the Virginia Wood. Preserving Corporation
site, is pfébéBIyLCbm§dsédfbf those creosote parameters
(such as phenanthrené) &nd phenolic compounds which are less -
dense than water. Based on our field observations of soil
_samples, the thicknesses of the highest concentrations of . -
light immiscible liguids seemed £6 Be on the order of four
to six inches. The presence of 1ight immiscible liquids was
noted. .in boring“FSé ﬁrom Z;S'tcaé.ﬁ £eet,rboring cs, from
3.4 to 3.8 feet, and in monitoring”wéll_BA.

Appronximately 0.4 gallens of_ light immiscible liguid. =~ . .
was recovered by pumping well 3A at a very low rate over a
period of 24 minutes. The floy was more, or less continuous
at a pumping rate of 0.02 gpm. In an effort to examine the
effects of increased hyfiraulic gradients on the migration of .
the. light_immiscible liguid, 3A was pumped again, at J.33
gpm for’ 50 minutes, and pumped at variable levels %o
maintain unsaturated conditions around the shallow well for
an additional 60 minutes. After 95 minutes, globules. of

Light immiscible. liguid were observegd. in the discharge lina. .

- LI
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The appro¥imate distribBatfion of Light immiscible

liguid, based on field obbervationst,is;shqwn in Figure 7. ‘g
An area of as much as 43,000 ft _may have light immiscible
liguids within the capillary zone. BAssuming an average - S
thickness of thé light immisqibleﬁliquiﬁsjof five inches,

the total volume is calculated to be between 4000 and 24, 337
gallons,  Problems inherent in estimates. such as this have

been discussed. previously. ©0f this volume, at least some of

the:s50il must be above residual saturation because free-..

flowing immiscible liquid was observed in well 3A. However,

an estimate_of the amount of product which exceeds the soils
retention capacity is premature until additional data on the .
characteristics of the soil and immiscible liquid has been

acquired. . .- . . . Ll

Dense Immiscible Liguid Contaminant™

The dense,immiscible[liéuid;’OBSgrvéﬁ in soil samples
fromm s5evEfE]l borings on " thé Virginia Wood Preserving
Corporation gite, is probably madé up of compounds o = . -
creosote or.pentachlordphenol, oxr~d ¢tombination of the twoa -
forﬁﬁlé£ioﬁ§, which aré?mc;émééﬁse than water. As discussed
previously, these immiscible ligquids are-present in the
shallow perched water table, but probably can not readily
migrate through.the hardpan or friable _Tcl,a;i',e:y sand layer .
because of the reéstrictive pore sizég. ™ In some areas,
however, it is possible that the restrictive layer has héen
removed by excavation. Depth of excavation for the helding

pond .and the covered holding lagoon are not known. It may

AR100 334 BENNETT & WILLIAMS INC. .
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be possible for immiscible ligquids to. enter the restrictive,

layer in areas where the shallow perched water table is
seasonally unsaturated. This appears to have occurred in
levels measured on January 3¢, 1986, indicated that the -
shallow zdne was below the.top of the friable clayey sand

layer. = =707 0 TRt Do i LTIl
Dense immiscible liquids have been observed in socil
samples froinl boring CS (from 3.9 to 6.0 ft), boring FS (from
4.5 to 5.3 f&et), boring GS (from 3.7 to 8.0 feet), and well.
38 (2.5 to 3.4 feet). Dry product residue was observed in
boring DS (from 1.8 to 2.5 ft). In boring FS and well 33,
and .in GS from 6.3 to 8.0 ft, product .was visible in
discrete pores. In‘borihgzcs,and_Gs; free product was
observed on the split spoon sample, and after the augers
were:pulled, free produét was geen entering the boring.
Figure ﬁLsho@é'the‘approximatevboundaries of the dense
immiscible liquid observed in soil samples. An area of as
much as 134,000 £t "may have dense immiscible liquids in
pore spaces within the lower_portion of the shallow perched
water.table. "Saturation above the retention capacity,
evidenced by free=flowirng densé. imhiscible liguids seen in
borings C8 arid GS, has probably‘been exceeded only in the
regions surrsunding the holding pond and the covered holding _ . = . -

lagoon. ' oo T T

38 -
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Total Recoverable Phenol Concentrations in Soils ... e

A total of G2 soil gamples, from borings and wells, and
from surface samples, wé¥e Analyzed for total recoverable . .}
phencl concentration. Results are shown in Table 6.
Concentrations varied from non-detectable to 47 mg/kg.
Caution should be used in interpreting the analytical
results shown in Table 6, as phencls occur naturally in the
environment, as a byproduct .of decomposition of organic . -
materials. Background phenol conceritrations probably range
from g.0 to 8.1.mg/kg over most of the site, and may be
greater in samples cdallected near_areas of standing water
and at shallow.depths in wopded areas. The problem of

interpretation is further exacerbated by the fact. that only

a few .grams. of material, which may or may hot be
representative, are_taken from each sample. Thus, the
analytical techniqgue, althoughrprg¢i§e,"may not be
representative or reproducible. . _  _ .

concentrations, measured in soill .samples taken from depths
of .03 tc.2.8 £f. .This map represents contamination of . .
surface soil by contaminated runoff.  Certain
interpretations were regquired to complete the contours,
particularly in the areas ofisténding water where samples
were. not .collected. "The placement of thesg& tontours has
been modified from a strict honoring of the data peoints so
thét field observatidons, and telated chemical analyses
collected during previous investigations, could be

incerporated in the .interpretation.  Data from boring DS,

60 .
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and wells 3A an& 1BX, indiciting non-detééiable phenol .

o
e

concentrations, were not honofed because of the likelihoos

of surfiace contamination in these Areas. ‘In addition, data -,
from boring MS and well 14 were not honoréd. The sample
taken from boring MS was. rich in decomposed roots and

leaves, and probably does not .represent contamination from
the’site; Boriffg MS and wéll 14 are isnlated from surface
runoff from the site, and a likely path for contaminant
migration is not apparent. ,Either,of,theae samples may
indicate surface @pplication of._phenolic¢ cOmpounés, however,
and it is recommended thiat the samples bé further analyzed

in the futures- - - -~ - = -
Figur® 9 shows Iccations where run-off samples have

been collected during a previots investigation. 'Analytical o .. _. ~!:

results are shown in Table 7. Potential problems with the

analytical data will be .discussed.later. . Pentachlorophenol,

and creosote. parameters,; were detected in samples four znd

five, in the drainage area north.of the site, samples two

and six, in the ditch &long Pevton Street, in sample three .. . . .-..._

in a ditch routing surface water cff-sife into the area of

standing ‘water east of the site, and in sample one, in 2

dit¢ch along Oakview Avenue. R
The source of phenol in samples collected below 2.7 ft

may represent contamination from several spurces, including

contaminated 'ground water, non-agqueocus phase liguids, or

infiltration of contaminated run-off. Plate 7 shows the

probable depth of soil dontdmination at_ thE site, and is

based on field observations as well ag total recoverable

63 . i3 |
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Table 7 - Laboratory analyses of surface run—off samples. Location of
samples is shown in Figure 9. =

Sample No. - Pentachlorophenol Creosote . Copper Chromium Arsenic
ug/1. o ug/1 - mg/1 mg/l
L 14 2877, 00006 <0.05 - 0.20°
) "84 <z . 0.08 sz T
Cesl T 1686 2.97 3.8
54 550 '3.61 .0 1.80
- 1408 © 0410 - 0.69
65 .
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phendl analyses of s0il samples. Th& bné foot contour
ﬂ@v ¢
represents. contamination by infiltration of surface run-off.

The seven foot contdur location. is based on the presence of ]
contaminated soil sampleées from borings CS and G8, at depths

of 5.8 tb 6.2 ft, and 6.5 to 6.8 ft, respectively, and the

location of the covered holding lagoon and blow-down sump,

which are probable sources of the contaminant in the deeper .
sediments., . .. UL T T L
Aqgebus_PhaﬁgﬁContamiﬁants L

Anglyses of grofind-water samples have indicated that.. . .
components of crecste and pentachlorophéncl are present in
wells. 1, 2, 3y 4, 5, 6, 7, &, 9, 10A,711n, 13, D1, ani D2.

Available chemical anglyses of ground-water samples are

shown in Tables_8 and 9.
Total phenols, Teasurad iR water samples collected in

November, 1985, indicate detéctable concentrations (greater

than 6.5 6g/l) in wells 1, 3A, 4, 9, 10A, and 11n (Table 7).

As mentioned previocusly, thHis pa¥Yameter.must be used

cautiously as*aféohﬁamiﬁaht indiééiﬁ?ffﬁe¢ause of the

presence of naturally-oc¢curring phendls tesulting from

decomposition of natural materials.  The data indicates that .

the shallowapefchedZwaiéf;fable contain§”as much as 1.3 mg/l .

total phencls in the center of the site.{well 23a), and 7.1l1

mg/1l at the eastern boundary of the site (well 1TA). The

samples from adjacent wells {wells 3. and 17), screened in _

toe.weathered gramite, shoyea noodetedtable concentrations

of total phendI.. This supperts the theory. that non-aguecus. ... =

Ge. . .
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Table 8a continued
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Table 8b - Concentrations of chemical parameters measured in-situ within
each monitoring well.,

;. Temperature :  pH
: _Centigrade :
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Table 9 ~ Available chemical analysesL of pentachlorophenol and creogsote.
‘in groundwater. samples. -

Well/Date . _: Pentachlorophenol : Creosote
GMwW2/4-1-85 % 45 L3

T

GMW3/4-1-85 i 25 i 82

GHW4/41-8S i UTRg T ez
GMW174-24-85 T Tqg g
GMW3/4-24-85 2B
GMwa/4-za-85 L fo4 L 704
GHMWS/4-24-85 Te4 a4
D2/4-24/85 T 3ag

Blank1/11- 85 : 14 e

P R R T L L L T L L L T T e

Blankz/11-85 o208

owe/11-85 T T as A

GMW7/11-85 : 154 i 42

P L b N L Lk L L L A N L L

GHMWB/T1=85 i 83
GMW 13/11-85 3 55 12
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e
v/
phase liqiiids, préséit in the shailow Perciied water table, #

are the main source of ‘contaminant at pPresent, and tha:t the
hardpan, or friable clayeéy sand layer, Testricts vertical |
movement of ground water. . Deﬁectableicohéentfations of
total phenol were_found in wells.screened within the
weathered granite in the .northwest and southeast corners of
the-site, and to Lthe east of the site {wells 1, 4, and 9,

respectively). Data from wells 1 and 4 may be affected by

well construction methods and materials. ..Each of these- -

wells, however, is located near areas where the hardpan or - -

friable‘CIé§é§f§§ﬁd’ﬁé?;bg“peﬁéfféted'by excavation (well
4), or poorly developed (wells 1 and 27, and it is possible
that concentrations.represent contamination of ground water .
by phénoliciCOmpounﬁs._Q; A

Figure®l( shows & @dritour map of total phenol

contentrations In” the ground water. Based on avallable

- data, concenttrations of phenols .in tHe shallow perched water. ...

“table and weathered granite aéﬁiféf;'both;were'cémbined on

the figure. -~ Wevertheless, the map does show the general
distribution of phenols! Gcifoss the site.

Coppel, chHromiut, 8nd arésenicd codncentrations, possibhly

indicative of ¢ontamination, were detected in wells 8 and 11
(Table 8). Copper was detected in wells 7 _and 12. Low
concentrations of.chroimium were detected in wells 172 and

11a, 8nd a  low coricentration of arsenic was detecteld in well

14. To. evdluate the effect of the CCA formulation presently |

used at the site on the ground wvater, it will be necessary ..
to determine background’ values of. copper, chromium, an'
*
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arsenic, using standard statisitical meathods. In addition, ;-',%’;‘C.?'l'?:

the retention capacity of the clay minerals at "'the site for

copper, chromium, arseénic, and zinc should be evaluated,

i

°
that future migration of these ions in the ground-water
system can be predicted. -~ . .
Polynuclear1aromatic,hyd:ocarbon“and-phenolic,COmpounis
were not analyzed during the course of this investigation
because of instrumental failure at the chemical laboratory.
Creosote .and pentachlorophenol concentrations determinerd _
from samples. collected during previous investigations, shoun
in Table.9, are. suspect because of guesticnable well
construction and sample,collection. The fact that total

prhenol concentrations were non-detectable (less than 6.7

ppb)rinrwe11$'22,3;"5, é, 7, 8, and 13, and that
pentachlorophenol. concentrations, which should be reflectel . .17,
in tﬁe téﬁél phéﬁdl,aﬁéiysis, WEfé*deéeCted'in these walls

at concentrations varying from 25 to 154 ppk, indicates that

either the analytical or sampling methods used to evaluate B

introduced during<the drilling process have since —

dissipated. _The latter explanation 1s probably not likely,
as. the samples analyzed_ for. pentachlorophencl and total
phenol in wells 6, 7, and 8 weréigpllectei during the same
sampling routine. - To_further complicate the analysis of

data, bailer blanKs wdllected during the l!llovember, 123835

sampling routine indicated contamination hy both

pentaﬁhlordphehql_gndVcﬁepgotpf,,Baile:;bLank number, two was. . . ..

AR 075 3“5.8._'__' TBENNETT & WILLIAMS. IN
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collected on._a new teflon bailer prior to sampling. This "

Ry, M
indicates that the analytical technigques probably !

overestimate pentachlorophencl and crecsote concentrations.
Despite problems with the data available, it is evident
from field observations and total phenol concentrations that
agueous pentachlorophentl and creosote .compounds are present
in the ground-water 'system at the site. Product odor has
been detected in wells_ 1, 3, 3A, 1A, and D2. The location

of the zero contour intérval shown "on Figuir€ 17 represents

contamination. The location of this line is based on fielAd

observations, hydrogeoldgical and geological considerations,

and the total phenol concentrations listed.in Table 3.
Previous investigations of creosote and

pentachlorophenol. gontaminated yround water have indicated .

that.these contaminarts arel natiirally dégraded by microbial
eccsystems in the gréunEAWAtér,én;ifggﬁéﬁt; and are adsorbel
by clay minerals. On one reported project, the farthest
extent of. contamination of creoscte and pentachlorophendl
compognq§=;nwaihighly*ﬁéfﬁééble aguifer was 1107 £t. Other
similar investigations have identified miakimum extents of
migration ©f 1410, 570, and 400 ft (BarXer and Patrick,
1985% Bedient 'and dthers, 1984; Thrlich and others, 1922
Troutman and others, 1%84). 1In each of these cases,
research indicated that the migration of creosote and
pentachlorcphencl compounds was influenced by microbial
degradation, adsorption by clays, and low solubilities of

non-agueous phase liguids... . - - :

74 :
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CONTAMINANT FLOU PATHS AND AREAS INFLUENICED

Corporation site. Several._aress are affected, inclulding the
drainage area north of the site that drains directly into

North Run CreeX, the dreas of standing water to the egast an-
southeast of the siteé, and the runoff ditches along Qakview _ .
Avenue and Peyton Street. Contaminated surface run-oif that
enters the areas ©f starnding water, shown on Plate 2, either
degrade naturally, adsocrb onto clay mineral surfaces, ov ' -
infiltrate info the shallew perched. water table and the-

weathered granite agquifer. . .. =+ _ =

Non-agueous phase liduids in theée shallow perched water. .. .. ._

table aguifer appear fo .be contdined on-site. The areal
extent of theseé liquids :is shown on Figure, 7.  Higration of '~
the hoh4aQGEOUS”phaséwliqgigsuﬁés_@egn retarded, and
possibly halted, by the retention capacity of the scils.
The amount of contaminant that exceeds residual saturations
appears to be restricted at this time to the areas shown on
Figure 7. The free-flow ernqgféqueoué phése ;iQuiﬁs”is_th_q
likely beyond these Aargss. 7 .7 I

Aqueous phase contaminants .in the shallow perched water
table flow north toward North Run CreekX. In the areas of
mounding'ground'WéthITéiduﬁQ:ﬁhgistanding_watefreast and
southeast of the site, flow direciions diverge to the east,
west, and south. Flow to the south, induced by mounding oI
ground water_around the aréa of standing water southeast of .
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theisite, is ¢of particular concern.™ Ccéntaminated surface Q&H#(
AL

Page

water, routed under Peyton Street through the culvert shown
on Plate.2, enters the shallow perched water table in the .
area of standing water southeast of the site. This means
that aqueoug contaminants may migrate southward across
Parham Road. I

Agueous phase contaminants_ in the weathered granite . .
aguifer migrate to the north toward North Run Creek. Flow
to:-the south, across Parham Road, is possible in the same
area where flow tg the south occdurs in the shallow perched
water table., - S

Areas tﬁa;ha;éW§;£é£EIaliyA;££é§£éa are shown within
the approximate zero contour -in Figure 1. Ground-water
monitoring wells are locvated over much of this area. Tc
accurately delimii the area of contaminated ground water,

however, "additional monitoring wélls, and moniteoring wvell

nests, are required. ~Recommended locations are shown in

Plate..8. Tt g
Two. 0f the recommended ménitoring well nests are .
located south ©f Parham Road. I1f-aguecus: contaminants are

detected .in these wells, then further nmonitoring in this

2
H

area will be reéguired.  Two.additional monitoring wells arcz

recommended Jjust north of Parham Road; the east-most
location will provide . data on the potential flow path -
crossing Parham Road, and the western location will aligy
the extent of contaminated ground water in this area to be

delineated, = - . STo o CooomemomTIC T L T
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Additional monitoring walls 16cdticns, are also” -

recommended north of. the site, on both sides of North Runﬁ%@

Creek. .Data_ from these;weLlé'williallow the areal extent of 7,
contamination to be determined, and will confirm ground-

water_flow into MNorth Run Creek from the north.

77
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fReg;

Contamination of sofl _and ground water at the Virginia.

Wood Preserving Corporation site warrants the design and

operation of a contaminant recovery system. = Although many

remedial options are possible, several basic elements are

essential for a.successful clean-up of this site. These

elements are: ... . ...

1.

4.

Excavation and disposal bf. contaminated soils; or
excavation of highly contaminated soils, followed by
treatment Gf the remaining soils; ~° -
Hydraulic-isolatiofi'cf the site. subsurface, through
pumping wells in’ the weathered granite aguifer, and a
perimeter french drain in the shallow perched water. .-
table, to prevent the migration ‘of ground water from

the site, followed by appropriate treatment of

recovered. water... For contaminated ground water oubtside
the site perimeter, natural or enhanced degradation, 1 .
feasible, or racouery and treatment;

Surface. water. isolation, to prevent “he migration of . -
contaminated run-off. from the site, and minimize
infi;tration'into,soils;

Continued monitoring of water quality.

Plate B shows various elements. of the recommended remedial -

action plan referred to in the followihg discussion.

Excavation of Contaminated Seils. ...

BENNETT & WILLIAMS, IN
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Based on the aréal extént and deptH of contaminated ah&@g'
4
soils, as illustrated in Plate 7, -as much as 500,737 cubic 77&9_

3
T

feet of contanminated sediment may exist ¢n and around the
site. The.soils in the vicinity of the concrete holding
pond, and the covered holding lagoon, havé been cohtaminated
to concentrations that may inhibit natural or enhanced
degradation, and it is therefore considered more cost-
effective to excavate ahd dispose of this material rather
than attempting to recover the. product.. These areas are .. .
designated as areas regquiring excavation in Plate 8, and the-

volume of these. sediments 'is estimated to be between 107,007

and 18,000 cObic. feet., . Disposal can be acheived by removal

to an approved disposal site, or oh-site incineration.

The areil éxtent, and estimated depths, of the
remaining contaminated s0ils are ghowi in Plate 7. Several
methods of handling these, remaining contaminated sediments -
should be considered, including: (1) excavation and
disposal, either by removal to:an approved disposal site, or.. ..
on-site incineration; (2) excavation and disposal of soil
with non-agueous phase liquids, followed By on-site
treatment, either by isolation 6F managed land application,
of the rémaining soil; or (3) recovery of free-floating
p;oduct_ficmLéthiQw :éigyéﬁy'Qeils, or;lﬁteral french

drains, followed by in-situ enhanced biodegradation.
determine the reliahility of the methods.
Option one, excavation and disposal df the remaining

contaminated soils,; would be the meost . costly option of the

79 )
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three. 1t dpes have_significant advantages, however. ﬁ;{
Excavation would eliminate the source of ground-water
contamination gquickly and éffectively. ' Annual operational
costs for this element .of the remesdial plan, asscciated with
options two and three, would be eliminated for this element
of the remedial plan. _
Option two involves excavation ‘and disposal of soils . o
which contain free-floating non-agueous liguids, and which
therefore may not be susceptible to natural or enhanced
degradation, followed by on-site treatment of the remainder.
of the soil. Basically, this option would involve careful
examination and analysis of the excavated 'scil, and
separation of $81l1 to be disposed of based on criteria vet . ... ..
to be determined. The remainder gf the soil would be
treated on-site, either’ through isolation, land application,
or enhanced biodegradation.
Isolation of sails. with trace levels.of contaminant may:
be viable, provided that hydraulic_i%clation is acheived, no
natural or ‘enhanced degradation of the remaining
contaminants’ occurs. Land;appliCation,involvés-careful
spreading of contaminated s$6il oveér.a  large, hydraulically
isolated area, and naturally enhancing degradation of the
contaminants throtgh expbsure td. sunlight and the
atmosphere, and breakdown and adsorption by plants and
natural ba”cteria'._, PR T L. T T
Option three!is based on the dssumption, yet to be.

confirmed, that the balance of the contaminated soil not

80 T
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shallow french drain should be routed to & holding lagoon

excavated can _bhe freated on-site by some form of enhanced -

LAL3 B

ek,

biodegradation. This option also assumes that a majority ofmni. . ..
the free=fleoidting non-agqueous phase liguids can be recovered.,
through shallow recovery wells, or“lateral french drains.
Potential problems that may be encountered with such

recovery systems have been discussed previously. Although

this would be the most cost-effective option if the site

were to remain in operation, the suitability of this system

must first be demonstrated by a feasibility study.

Hydraulic.Isolatidn &£ the Site . . . .

To prevent migration of_ceontaminanted ground water off-
site, the site must be hydraulically isclated. Bas:w1 cn the
results of the ground-water flow model, approximately 135 . -
gpd flows through the sitev . Pumping’collection systens,
however, willTincréase the flow cf.ground water into the
site. ..Therefore, "'thé amount of ground water which must be
removed .from the aquifers, and treated, will necessarily he

greater 'than 135 gpd. Discharge . from pumping wells and the .

fér'tempbf§f§'sforagélfand'treated.

Tofevaluaténthe most efficient and cost effective
pumping rate; and pumping well .érientation, it is.
recommended that several alternative recovery scenarios be
incorporated into the ground-water model. ..This study, in
conjunction with a pumping test of the weathered granite

aquifer, will allow.proper design of _ the pumping wells ani

81
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should serve as part ofl a Teasibility study for this- portlon
of the remedial action plan. ~ =~ ~ "7 ggghﬁ
Based on. the estimated extent of. contaminaticn, shoun °
in Figure 10, contaminated ground water  may exist over an
area as large as 30 acrgs.. It will be difficult to attempt
to recover contaminated ground water over this area with on- -
site collection systems, because of the relatively low
transmissivities in the weathered.granite.aquifer.
Therefore, to determine the required remedial steps, an-
investigation should be undertaken that further evaluates
the rate.of migration, and thé extent aof natural degradation

of the organic¢ compounds.. = _. . __ _

Prewvious. investigations have shéun;that natural,
degradation of. phenclics and polyrnuclear dromatic
hyérocarbonsff?ﬁica1ly occurs within approximately 2077 feet
of the sourcelof contaminaht. If the spurce of contaminant
at the Virginia Woocd Priesefvihg Corpdéfatidn site is-
effectively removed, then it 'may ke possible to rely on
degradation By thHe microbivlogical ecdgsystem in the groundi--
water .system, and adsorption by clay minerals. In fact,-
because dgf relatively slow,migratioﬁ”rates of organic
compounds, it may not be possible to recover the
contaminants with a la;ge'scale pﬁmpiﬁ§fsystem before they
degrﬁde;natuzgliy.v;iﬁfﬁhi§ optio§ prbyéﬁ‘hot”towbe -
feagsible, "thern enhanced bioreclamation should be considered.

To control the influx of shallow grbund-water during
excavation, avoid release of contaminants during excavation,

and recover. any remaining non-agueons..phase liguids, 2
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perimeter french drain should_be installed around the agga
(4

where. free’ floating norn~aqueéocus phase ligquids have been mﬁy

detected (Figure 7).

ha,

The french drain would extend to a - =

E)
T

depth ranging from three to.eight feet, and be excavated

into, but not penetrate, the.friableﬂsandy clay at the base .

of.the'fééréséivé:fluviéi S§diﬁéﬁ£é:;fEhé“fdtal-1ength of

would. average a “deptii 0f five.feet. The french drain will

be located around the area designated as the controlled .

area,

shown in Plate 8. Discharge from the french drain

should be routed to a holding lagoon f8r temporary storage,

and treated. i e o

Surface Run-off lanagement Plan

Contaminated run-¢ff .presently flows ©ff-site to the

north, toward . North Run Creek, and intd the areas of

standing water shown on Plate 2. In the future, to prevent .

contamingted run-off from leaving the site, surface water

must be isolated on-gite... The basic elements reguireid to

Regrading gf the site, so.that surface water flows to . . .. . ...

isolate gurface waterg On=gite are: . . .... .7

T.
perimeter ditches: < .

2. Installaticdn of ditches, or culverts.to intercept ani
direct run-off; i .

3. Installation;of”bérﬁs;”suz:oﬁﬂaihg the ditches or
culverts, to prevent overflow:

4, Construction of a surface witer reténtion area; to..

collact and stare run-<off.

83
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Regrading ©f tle site ghould place the maximum elevation dkuy

the center of the. site, and direct run-off towards ditches.
or. culverts at_the perimeter of the site.. This arrangement >
will prevent ponding_of water, and increased infiltration,
in the cénter of .the site. Culverts should be used, in lieu

of excavated ditches, if either option two or three of the

excavation program is chosen, or.if the site remains

based on the maximum”aﬁiicipatéd run-off.

To reduce -infiltration into scils, a low permeability

i

cap _should be. placed.over the regraded material. This may

be either.a._clay tdd, or an artificisl cap of material such

_ashhigh§dehsity_QQLyethylene"LQQPEL;;LThg;installation of

either - cap will serve to.reduce .the size of the treatment

volume, however, ‘the ‘installation of an HDPL cap may be
impractical if the site is to remain operational. Over the

low permezbility cab,” a Iayer of prﬁférfive s0il " should e . 77
emplaced. .. I1f the site is to be clased, then runoiff and’

infiltration can be further reduced by a vegetative covar on

the protective soil layer. ~ = ~_
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Continued lonitoring of'wa%éf%Ouality o ORIGH
[} l-('..

To continue monitoring the extent of contamination, 4P
to evaluate effects of remedial &sction, a routine of ’
sampling and analysis of grourd water should be initiated.
lenitoring wellsmé'through 14, as well as the recommended
wells shown on Plate B, should be ihcluded in the moniioring
plan. ~Sampling and laboratory analysis should be_performer
guarterly. Quality control should.be developed and enforced : .
so that consistent and reproducible resultis are obtained.

After feliable sampling ‘and analytical results have been

acheived, and seasonal wva¥iations in chemical parameters are _ . ... —mn Zoo
understood, sampling and analytical results should be
repeated_ag“ﬁéedea,:p;obqbly bi-annualy.

Sampling methods for evaludting trace, organic
compounds, and particularly vdlatile orgarics, reguire the
attention of.sampling personnel familiar with proper well
develépméﬁf"aﬁa“§ﬁﬁpling technigues. Sophisticated
analytical .techniques, with detection limits in the ug/l fo. . .-
low mg/l range, are of no advantage with improperly
collected samplés. Sanmpling techniques that. should be
considered inc¢lude.the tube and cartridge methol, the use of . -
a'low"éapaciiy_bladgé;gpﬁﬁp,7ahd:dedicateﬁib;addeprumps.

Chemical parameters that sﬁould be analyzed are shomn
in Table 10. These parameters are basasd on results of
modified as more is learned about the nature of the’

contaminants present.. . S e
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Table 10 — Recommended chemical parameLers for monltorlng program, (Regr

INORGANIC COMPOUNDS ™~ =~ ’
Total.alkalinity -

Total Kjedahl Nitrogen

Nitrate Nitrogen e . -

Chemical Oxygen Demand I L

Total Organic. Cabqn e e

Specific Conductance ~~ = . | T 1. S

pH

Dissolved Oxygen . o . ) -

Arsenic . _ o s e e - - -
Aluminum o L I -

Calcium =~ - - - - —— =T e ' - ’

Chromium : ' c

Barium o L -

Chloride _. . oo e - e

Copper T o o

Iron™ —7 7 T L Ll

Manganese ... . o ... . e

Nickel Coe e e

Potassium ' ' '

Sodium _ o _ L _ . .
AR T nb b LTS L AR Ak STL A S i T S S - :
ORGANIC COMPOURDS

Polynuclear Aromatic Hydrocarbens ©. . Phenoclic Compounds:

and Related Coumpounds: _.. . EEREEE

Total PAH's e e Total Phenols

Napthalene R S 2-methylphenol
2-Methyinapthalene o 3-methylphenol
1-Methylnapthalene _ I 'J,d—methylphenol

2,3 Dlmethylnapthalene ce o - 2,5 and 2,4-dimethylphenol
Acenapthalene e e e o oo 23 5-dimethylphenol

Acenapthene . . _ nm__-ruwm-_:wwgﬂ”*Pentachlorophenol

Anthracene
Benzo(AJanthracene S U ST S
Fluorene B ST Volatile Organics:
Phenanthrene . . . _ o . ... _._ .. - Lzl
Carbazole . .. . . Benzene
Fluoranthene o .- ... _- Ethylbenzene
Benzo(k)}fluoranthene - .. .. .Tolulene
Pyrene = . , ___"4,,¢*;;Jbﬁﬁfns = o=xylene
Benzo(A)Pyrene . ... s . ciE=as ostyrene
Indeno (1,2 3—cd)p}rene T
Benzo (g,h 1)Perylene Tl sl
Chrysene ... .. . o e e -
Benzo(A)pyrene S - -
Dibenzofuran
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Discussion  — _

Within the framework of the remedial methods discussel b -
above, theére are a number of decisions whiCh‘mustﬂbe,made.
The principal factors to be considered in making these
choices are .technical feasibility, efficiency,
manageablillity, and incurred liability. The ideal solution
favorably combines all the above factors, however, in
reality there will be a trade off. For example, a Adecision
must be made regarding whether contaminated soils are to.be. .
removed and landfilled dt @an approved site, incinerated at.
an approved site, or-incinerated on-site. Although it
appears to be cosi-effective .to landfill the contaminatel.
soil, the "joint and several liability" provisions of.
present law may incur long-term liabilities. . Incineration
at an~approved site.may prove to be substantially more .
expensive than the cost of Iandfilling, but presumably once .=
it isiiﬁdinEIated;;longeyggm lia@il;;y is,mipimizeﬁ. Oon—--
site incineration is & relatively hew method of ireatnent,
and although the method may prove. to.be. technically
feasible, the cost effedtiveness, and liabilities incurre?,
remain unceéertain.

Anothet“dECiSiDn;which”mﬁEi-be made concerns. the
continueduoperatiggrof ﬁhg;plaﬁfﬁwfffiiﬁifé decidéd to
provide on-site ﬁf@atﬂé@jfﬁﬁ_;hg;gohtaq;ﬁatgq,spi;;or vater,
and contihle opetrdtion ©f the plant, then increased

maintenance of the. cap matérizl and other elements of the’

remedial system will probalily be required.” "Quantities of .

37 ,
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water, from surfice ruhi-offland ground=iater, will probably

be increased without '__ahgw_ell developed vegetative.cover .. GRFGIH@_

serving to reduce infiltration. _ _ 7 mﬁﬂ
Unproven technologies, such ag‘QOntrogled natural

degradation, on-site incineration, and land spreading, as

well as technologies that have not _been thoroughly tested

with the contaminants particular to this site, such as

hydraulic recovery of non-aqueons phase liguids, and

enhanced biodegradation, will reguire thorough investigation

'''' ° If these options are proven to be .

feasible, however, the efficieny &nd cost effectiveness of

the .remedial opefation may be greatly enhanced. Therefore,

perhaps the most basic decision to.be made is whether to use .~ ..

well established remedial options, which may be less ..

efficient and less .costeffective; or consider: remedial

technologies.that will incur greater _investigative cocsts,

and may poté&ntially increase ‘iiability and accountability,

but may significantly increase géﬁit@ency_gnﬁ cast

effectiveness.. These.basic approaches, as they apply to

this ' site, are outlined_below: .-

hlternate N:

1. Hydraulically isoclate the site, both surface_and
subsurface. Indhce flow_of contaminated ground water
toward the site for treatment. B}

2. Excavate and remove all soils.contd@mihated in excess of
pre-set.criteria, with:

a) landfill disposdl option  ~

b} incineration disposal option’

8373
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c) on-site incineration disposal option ﬁﬁgﬁL

~Cap with HDPE, or equivalent cap, esitahlish vegetative

- - 3

cover, and close.gite. LT T :
Obtain RCRA permit. Collect. and treat ground water, as

needed... Monitor and operate system until acceptable

standard attained, or permission to discharge to public

sewvers recieved.

Alternate B: oL

1.

Hydraulically isolate the site, both surface and
subsurface. Investigate .technical feasibility of
natural or-enhanced.degraddtion of contaminants..
Excavate and remove soils regquiring éexcavation, shown

on Plate g. . 0o T

Investigate remedial options for on-site treatment of

reméﬁhiﬁércggéémiﬂéteé"séils, aﬁﬂiféﬁgﬁerihéée,éoiis
determined to be_ tod dontaminatéld for on-site .
treatment,; with;:

a) landfill disposal option .

b) incineration disposal option’

c) on-site incineration disposal option
Cbtain RCRA permit. Ceollect and treat ground water, asz
needed td hydraulically ifsclate gsite. "Investigate
remedial options for natural or ernhanced biodegredation
of contaminated ground water. lMonitor and operate.
system until acceptable standard attained, or

permission to discharge to public gevers . is recieved.

Operational opticong: =
a) cap and close site as treatment progresses.

89 o lltitool. _
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b) continue plahtit opéYradticon as. troatment

ORIGIN;
. R {Fed

progresses. T C o0 RIS L d-

The principal difference.between the two alternatives
is_thatLAlternate'AﬁreqﬁiresVérélaééd éitg, éné Alternate B
allows the option of an open site. . Both of the alternatives
will.requirepaddiﬁiﬁnél_hya;ogeqlqgical;andrchemicalﬁdata,
design of.surface and subsurface. recovery systems, anfd
feagsibility studies of the recovery and treatment methodls
used. Alternate A can be viewed ags a combination of
established and conservative remedial opticns, with
provisions to minimize liability. The advantages of
alternate.A must be weighed against the décré&ase in cost. - - - .

effectiveness; and potential decrease.in a@fficiency and

timeliness of .clean-up.' -~ =~ 7T 7
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CONCLUSIDIIS

. 1. Wocd treatment. operations at the Virginia Vood

P

Preserv1ng Corporatlan_SLte beganlln June, 1956/

Contamination of 5011 and ground watefrhas resulted from

seepage of process liquids in the treatment area, and

through unlined holding aresas. _Contaminants that have besn . .. . . =
identified are compounds &gsociated with creosote,
rentachloropheérnol,” and CCA. Contamination by other
formulations fised at the site, such as CZA, xzylene, and iic.

2 fuel oil .cahh not be evaluated until apmroprlate chemical . .

parametiers are: analyzea in soll and grounﬂ—\:au_e'r‘ samples.,.

Several. elements cof the wood tr2atment process that .

by iy

contributed to contamination of soil and ground water have

been removed. Other elements responsible for contaminazion

. are.not currently in use. . Sources. of ground-water
contamination at.present consist of immiscible liquids
present in soils on-site, the covered holding lagoon, ani

] occasional seepadge of CCA from the treatment process.

] 2. " Bedrock béreath the site "is Upper Paléozoic Pelershurg

Gfanite. This.unit is relatlvely'; mpervicls to infiltration
' of surface wédter, and ground water from shallou vater
bearing units, except through frattures. and severely jointe?
areas. _ Jaints in the umit are typically horizontal, or. ... Sl
vertical, and trénﬁ‘in & northerly or eéasterly direction. 7
fractufe tracé analysis revealed 1o 8iscerfiable surfacz.

expression of fractures trending through the s

[

et

o
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Well D2, a dedP-atfer supply well onlsite, may be °§£&m
/|
contaminated.through cross-connection witlh shallow water -

bearing units. Potential contamination of the granite

.

aguifer, by cross-connections, or through hydraulic
connection. through fractures, ©dn not be evalutated until .

additional monitoring wells, screened wvithin the granite.. .. = s =

aquifer, are installed.
3. Ground-water. flow within the weathered granite aguifer - 7 -
trends .to the north and northeast across the site. nAguifer - - ...
boundaries octur to the south, trending along Parham Roa<l,

and to the north, alpng Morth Run Creek. ' A shallow perchel

water “table. 6cfurs within the regressive fluvial sediments =

that unconformably overlay the weathered granite. The

shallow water table is perched by a hardpah, or friahle o o
clayey sand layel, that hasg develpped at the base of the

regressive sédiments. Aquifer boundaries within the shallow

pefcheﬁ water table arve zomdistent with boundaries in the
weathéredVgraniteLaéuiféf:ﬁékééét_En éfééé;éf standing

surface.water. Ground-Wwater mounding in these areas causes .. .
local deviations in flow within the shalleow perchel water . . T
table., . . . = L- nEo, oes k=l

4. The ground-water flow model, calibrated with geologic - - S
and hydrogeﬁlqgiéfpiramg;ers estimated during this

investigation, indicates that approximately 135 gpd, vas

flowing thtough the site.in late January, 1935..

Transmissivity of the wé&athered granite aguifer is estimnteld . ..

at_ 2.2 gpd/ft, plus or minus 4.5 §p4/ft. The hydraulic. . o

conductivity of the regressive ¥luvial sediments is . .

-

°2 . .7 .
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estimated to vary frSm .2 to 3.0 gpd/ft , and averages 1.2

gpd/ft .. LT T L
ORIGINAL

5. Surface run-off of prdocess fdormulations and m&ﬁn

contaminated water has resulted in soil contamination over-a
large_portion of the site, and in several _areas around the
site. A culvert under Peyton Street appears to be
responsible for transport of contaminated water into the
area of standing water g&diutheast of the site. Contaminate?
waters, infiltrating into the shallow wateér Dearing units in
this area, may flow to the south, across Parham Road.

G. Grouhd-water Monitoring wells 1, 2, 3, 4, ani 5,
installed during @ previous investigation, are constructc! R
in such a way tha%f cross-connection, and adsorption of
organic compounds ©h thé well materials; way be occurring.
These wells, and deép wérlé'Di and D2, may be cross-.
connecting water bearing units on-site. -

7.;’dOfgéﬁic:cbmpﬁuhQ§ibahé.bdéﬁfﬁbSéIYEQgin'three liguid L
pﬁéseaf&t;ﬁhe,Q;;aj.a“light'immiscible liquid, & dense . . C
immiscible liquid, and an agquepug liguid. The non-agueous
pPhase liguids ares PYobably derivatives of crcosote anl
pen;achlorophggg;;ﬁgpg;ﬁhg'aggqughpﬁase gontaminants resuldt 0
from the slow dissclution of non-aguecus phase liquids, anl
infiltration of contaminateéd.surface.water.

The non-aqueous phase liquids appear to be relatively
immohile, and confined to_the site. " The light immiscible. 0. =~
phase is present within the capillary zone_and upper portion
of_the_wéfer;tabié.zénedéfiihé shallow. perched water table.. .

Free-flowing light immiscible liguids have been.ohserved 'In

priDO3TY

CBENNETT & WILLIAMS, IV




.

o

two borings and one w&ll on-site. ..The denSe immiscinle
phase ;s'gith;n%the;lowé;;pb}tidﬁgiof.tﬁﬁ.%hallow perchat
water ‘table, and probably c¢an not migrate through theo.
hardpan, or gri;plgfglayeyrsand'lgyer;:ﬁgcﬁggé_of the large-
capillary'£orce§:encdunﬁereﬁ;”fif,;::;,

Agueous phésé,cdntémiéaﬁié-@iﬁﬁiﬁ'tﬁéféh;llou vater
bearing units are largely derived from dissolution of the
immiscible liquids. Therefore, contaminant concentrations
are controlled.by the sclubility of the immiscible liguids.
Agueous phase contaminants may be preselit over. an area of
approximately 30 acres. [lligration of thesée contaminants
appears to be conticlled Ly aquifer boundaries, and is

probably influented by natural degradation.

a4 -
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RECOMIIENDATIONS

CRrIg; RA:
{Req)

1. The ground-water monitoring wells installed Auring a
. ‘ ’

previocus investigation of this site.are possibly cross-

connecting the shallow perched water. £able and the weathecre . .. . .

granite aquifer.: Materials used to construct these wells =~ _ L

are not _appropriate for monitoring organic compounds.

_Therefore,” it is féecommended that wells 1, 2, 2, 4, and 5 be . ..  _

removed, propérly pludged, and replaced. Vells 6 and 7
should be sampled, and 1f organic compounds are detecteld,

these wells' should also’be removed, properly plugged, an?

replaced - - R , [ _ _ -__ e - - = —_— -
2. Mlso;*the deegp watefr wells on-site. may be cross-.
connecting the shallpw Water bearing units and the granite . o

granite aguifer are recommenddd so that, ground-uater flou
contamination of this aquifer can be evaluated. Illonitoring -
of static water lewvel, and teést pumping, o©of these wells =5ill
be reguired to deteéerfiine any hydraulic connectioens beiveen
the granite aguifer and.the weathered granite aguifer.
Locations for these wells are shown in Plate 3.

3. "~ Additional moniftoring wells, and mbnitoring well nests,
are needeéd within the shallow water bearing units, to
further delingate the exXtent of contamination and evaluate

ground-water flow.and potential édntamidhnt migration to_the .. .= ..

95 _ -
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south of Parham Road. " Locations for these recomnended

monitoring’ wells§ a¥é& shown in Plate 3... . _ ogmm
. w
4, Quarterly sampling -and analysis should be perisrmedl on

2ll moniteoring wells until sampling a8d &nalytical
techniques that are reliable and reproducihle are developel,
and until seascnal variations in water quality are
undeﬁstood. One upgfadiéﬁt, and two dowmgradient sampling
locations should be established on North Run CreeX, and
included in the sampling-and analysSis program. Sampling ani
analytical methods should address the potential problems
inherent in evaluating qguantities of trace and wvolatile . ' -
organic compouhds. Chemical parameterns which should bea
evaluated dre . Bhowh in Table 10. As the data base is

expanded, this list should. be modified accordingly.

5+~ Contamination of scil and ground water at the Virginia

Wood Preserving Corporation site warrants remedial achtion.
Optiohs-that“will_é;één-ﬁp'ihe existing contamination, and

prevent contamination in the fntire are discussel.” The

remedial methods” §&l&d¢tad will depend on a number of

factors, including technical feasibility, efficiency and

timeliness, manageabllity, and incurréd liabilitv. Houever,

the following esseritial . elements of the remedial plan

includes: . (1) the excavation and disposal of a minimum of

187,007 cubic: £feét_¢f contaminated soll, as showmn in Plate. ol e
3; (2} hydraulic isclation ©f the site, through pumping of
the weathered granite aguifer, and emplacement of a french

drain in the shallow _perched water table.zone, folloved by L L

treatment of recovered water; " {3) Ihnstallation of berms

96 T T °
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and culyerts around the site perimeter, and regrading of EOREINAL
o o {Red}

site;, to control surface run-off; and {1) continuel _.

monitoring of water levels and quality, to monitor ground-

water contamination, and evaluate the effectiveness o2f the

remedial meéthods.. ° . . _ , e
G. To design . or pperate any remedial plan, additional_ _ L

hydrogeological anhd éliémical data must be. collectel, and
interactions between the contaminants and the soil ani
ground-water environments must be morevclearly defined.
In the discussion Jf remedial methods, several optignsg

for each of _tHe basic elments of the required remedial plan
are outlined, In an effort tofhtiiize,the"most efficient
and cost-effective methods possible at .the site, we
recommend that the following“investigations be undertalien:
A. Physical and chemical characteristics.of the non-aguedus -
phase—liquids presernt, and the interaction of these.
liquids with” the soils present, "should be determinel.
This will allow.the feasibility of a sfailoy recovery
system foY thesé contaminants ta. be evaluated.
Excavation criteria,”and the feasihility of in-situ
treatment, based on the. concrntrations of contaminant . B
inhibiting natural or enhancel degredation, should he : .
determined.. . e
"The effect of the microbiclogical ecosysten in the

ground=water system on contaminants_ should be

investigated, so that natural degradation rates can ha

estimated. Based .on this_ investigation, the need for - =

97 T
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bicdegredation, or & large scale recovery system for —

agueous contaminants within the weathered granite _.‘Hmu&
aquifer can be evaluated. = =~ 7 ° ' M

¥

A pumping well, and several observation wells, should

be lnstalled at the site, and pumplng tests should be : -
performed, so that’ pumplng_wells for‘hydraullc control —
éf the weathered granite aquifer “can be designed. The
1nvest;gatlon, should be used to. evaluate various
locations and spacings for the pumping wells. Based on

the .results of.the ground-water flow model simulations,

a configuration of pumping wells which minimizes the.

amount of water regquiring treatment, and efficiently

controls ground-water flow within the weathered granite

aguifer, can be impleménted.” The ground-water flow

model should also be. used to evaluate . the.
influence of excavation, and emplacement of the french

drﬁin, on the free-floating nori-aguecus phase

contaminants within the shallow perc¢hed water table.

Respectfully Submitted,
BENNETT & WILLIAMS, INC.

- fon Ao s

Don Clabaugh ,
Project Geologist

(‘57%%4 4 W";m -

Truman W. Bennstt
Principal Geplogist .
Virginia Registration No. (00298 s
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... =~ APPENDIX ONE_ _

BORING LOGS OF SUBSURFACE MATERIALS

: |
o o
|

l
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Table A - Symbols used in soil descriptions.. . . (het

“ Fill

EE—— Cl ay

Silty clay and sand

 Clayey sand

Friable clayey sand

_ Loosely cemented clayey sand

Weathered granite

Granite

Boring descriptions from previous‘ investigations of the site are
presented in this section. Borings which have been renamed and
shown on Plate 2, the site location map, are listed below.

Boring Designation on Logs

B-1

mmm s
1o
i

Boring Designalion on Plate 2

P
Q
.. R
v
v

During previous investigations, two borings. each called B-2, were
insialled. The name of the boring on Virginia Wood Preservers property
is B-2 on Plate 2. The boring in Parham Forest is renamed as Boring @

on Plate 2.
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BENNETT & WILLIAMS, INC

CONSULTING GEOLOGISTS S ' ' ORiG i1 4
{Redi
I
. BORING: GMW3A DATE : 9/10/85 PRO JECT: VIRGINIA WOOD PRESERYVERS '
i METHOD: 3.3" HOLLOW STEM AUGER LOCATION: HENRICO CO.. VIRGINIA
g E? SURFACE ELEVATION : 209.1
| g g E Eg E CASING ELEVATION : 209.6 E
[ =
| = 5 8
. ‘ g 8k _ SOIL DESCl IPTION 8 3 &
i ssi| 157 20-12} 0.0-1.3’ Dark gray clay and sand. some silty, dry, very
: ‘stiff. Faint product odor.
S52] 137 3-4 ; 13-34 Ligh_tbrmi’rn-yellaw sand and clay, some silt,
ss3] 167 8-12 B ;wdmz ﬁ.Mp.aem-plmq. Faint
2 rodu .

: —5— ’:zo; 3.4-66 Yellow-brown fine to coarse sand and cisy, CL|26] 25
t SHE 13" el some silt, very stiff, friable, dry to damp.
: "7 Product odor.
o
| 45— -
| e
1

25—
1

-3
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BENNETT & WILLIAMS, INC
CONSULTING GEQLOGISTS

BORING: GMW2A

METHOD: 3.%" HOLLOW STEM AUGER

DATE : 10/8/85

PRO JECT: YIRGINIA WOOD PRESERVERS

LOCATION: HENRICO CO., VIRGINIA

:

]

PENETRATION

DEPTH (FT)
SAMPLE

SURFACE ELEVATION : 208.0
CASING ELEVATION : 209.0

RYPORT (6}
LEGEND

SOIL DESCRIPTION

SOIL CLASSIF.

i

5

LIQUID LDMIT

L
<@

U

0

-t

ke 1

&= F

NOSAMPLES WERE TAKEN. LOG IS EXTRAPOLATED

'FROM BORING GMW2.

0.0-25 Yellow brown red and gray clay and sand,
some silt, medium stiff. damp.
25-50° Gray and yellow-brown sand and clay, some
silt, damp, very stiff.
5.0-7.3" Light gray fine to coarse sand and clay,
- some silt, friable, hard. damp.

ARI0038; R A
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BENNETT & WILLIAMS, INC
CONSULTING GEOLOGISTS

ORIGIMg,
(Red;

BORING: GMW3A

METHOD: 3.5' HOLLOW STEM AUGER

DATE :9/10/85

PRO JECT: VIRGINIA WOOD PRESERVERS

— LOCATION: HENRICO CO., VIRGINIA

E SURFACE ELEVATION : 209.1 I E
ﬁ e E CASING ELEVATION : 209.6 é g 3
a
JEEE 4§
& 3l SOIL DESCRIPTION = =
v B} I
SS1} 157 .1 0.0-1.3" Dark gray ciay and sand, some silty, dry, very
i © 'stiff. Faint product odor.
ss52| 13- w1 1.3-34° Lightbrown-yellow sand and clay, some silt,
i : medium stiff, damp, semi-plastic. Faint
Ss3) 16 . -~ product odor.
—5— 3.4-66 Yellow-brown fine to coarse sand and clay, CL}26] 25
SHE 13" -some silt, very stiff, friable, dry to damp..
Product odor.
16
28
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CONSULTING GEOLOGISTS

BORING: GMW6
METHOD: 3.5° HOLLOW STEM AUGER

DATE : 8/29/85 PROJECT: VIRGINIA WOOD PRESERVERS|
LOCATION: HENRICO CO., VIRGINIA

ne

L

s X0

-

— = T
= S~ SURFACE ELEVATION : 212.0° Bl o B
bt g g N ION : 213.2° 8l 5| &
= e B 5% CASING ELEVAT N.2‘l3. < 3] =

p‘ -—
a | 2 8 Eg °l B 5
8|5 8 g& SOIL DESCRIPTION 8 3| o
e I ka] B -3
o W.H.-F T T T T
551 2-2 0.0-0.6' Black clay loam soft roots, arganics.
4-50 0.6-1.9' Gray clay and sand, some sili, soft, damp.
$52 -80 No product odor.
< 1SS3]  [32-100
- ees  1.9-8.7 Light gray-white fient to coarse sand, some
B-11 g clay, with silt, dry to damp, friable, loosely
554 -13 (B cemented. No product odar.
5-117 M
P -13
8.7-14.0° Light gray-brown fine Lo coarse sand, some
clay and silt, trace gravel, wet, medium
dense. Ne product odor.
—15— S56 18-23 . L
140-21 0’ Light gray-white fine to coarse sand and
clay, red-brown mottling, dense to very
dense, wet. No product odor.
557 25-42
20— 858 13-75

AR100383 o
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BENNETT & WILLIAMS INC
CONSULTING GEOLOGISTS

(Reg

BORING: GMW? ' "DATE : 8/30/83
METHOD: 3.5" HOLLOW STEM AUGER

PROJECT: VIRGINIA WOOD PRESERYERS
LOCATION: HENRICO CO.. VIRGINIA

dry. No product odor,

- |553 21-100 pad 1.9-2 6" Gray sand and clay, some sili, medivm stiff,
> g;_;} -dry. No product odor.
*-s 4 2.6- 7 0 Light gray-white fine to coarse sand, some
34-1§5- . clay and silt, friable, hard, loosely cemented,
S54 -16 o dry to damp, red-brown mou.lmg No produ ct
10-12 ador. —
.n |SS5 -14
7.0-215 Light gray-white [ine to coarse sand, some
clay, littie silt, trace gravel, very suiff, wet.
e No product odor.
+ .7

$56 3-3

28— 857 4-8

3 Auger refusal on granite at 215",

[y

W

~~ < :
= E? SURFACE ELEVATION : 2)90.0 “é B4 %
= | w- 4 CASING ELEVATION : 211.1 %2 8| 3
E ﬁ s il e =
a1 % 8 E&| g S Bl B
A & & &~ SOIL DESCRIPTION g8l 3| B
&k __ taf B 3
g'_ﬂ"'t"" 0 0 0 6 Da.rk brown black clay loamx roots, orgamcs
531 3 i
Voo - . dry, soft. No product odor.
552 7-100X324 0.6-1.9° Gray clay and sand, some siit, medium stiff,

AR10038k ~
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BORING: GMW3 DATE : 9/25/85 PRO JECT: VIRGINIA WQQD PRESERVERS
METHOD: 3.5 HOLLOW STEM AUGER -~~~ LOCATION: HENRICO CO.. VIRGINIA ]
~~ -] .
£ So SURFACE ELEVATION : 207.1 A
21 s E 5 CASING ELEVATION : 208.2 gl e &
g4 o 4 2| 5
al 8 g E 8l e g BB
RISl g Ghid SOIL DESCRIPTION 5l 3 ©
- 0.0-0.2° Dark brown clay loam, liitle silt, organics, wet.
73 0.2-1.5" Grey clay and sand, some silt, wet, soft. No
product odar.
$52 1.5-5.5" Gray sand and clay, some silt, trace gravel, wet,
red brown mottling, wet, stiff. No product
o 553 odor.
W] 3.3-7.7 Dark gray fine to coarse sand and clay, some
554 ~silt, trace gravel, light brown-red mottling
dry to damp. friable, hard. No product odor.
sssl 181 16251 3 7.7-82" Yellow-brown clayey silt and sand, wet, no-
— 2 ~23}: plastic, soft. No product odor.
* 82-120 Light gray-white fine to coarse sand and silty
: clay, red-browan mottling, wet, hard. No
. - -—product odor.
| 22-3 11 12.0-12.3° Gray clayey silt, wet, thin sand seams. No
Ss6{ 187 -55 product odor.
‘e 12.3-17.8" Light gray-white fine to coarse sand and
B : silty clay, red-brown mottling, wet, hard.
25-55 Noa product odor. :
S57) 147 -400X 100 Auger refusal on granite at 17.8",
28
L1
>
35
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CONSULTING GEOLOGISTS

Ggidiiﬁp;k
fiwa,
g BORING: GMW9 DATE :9/17/85 FPRO JECT: VIRGINIA WOOD FRESERVERS
. METHOD: 3.5 f:’”'o W STEM AUGER LOCATION: HENRICO CO., VIRGINIA
: £ e SURFACE ELEVATION : 207.5 % »el 2
i E - E 4| 8| CASINGELEVATION : 208.4 %l Bl 8
4 w | 2 o BEoim al 2 B
i a3 8 &g SOIL DESCRIPTION 5 = g
_ ) 7] 6.0-0.7 Dark brown clay loam, some silt, dry. roats,
] SS1 137 4-3-41] medium stiff. No product odor.
§ o] 0.7-3.5° Gray-brown clay and sand, stiff, dry, semi-
§52| 247 5-5-9 prm plastic. No productodor.
J12-84 P )
; —>—1883} 207 pox kS %3 35-4.0' Light gray-brown fine to coarse sand and clay
i — friable, very stiff, damp. No product odor.
; 4.0-6.0' Light gray-white sand and clay, some silt,
i dry to damp, hard, brown-red mottling,
: 3 friable, loosely cemented. No product odor.
n |554] 127 4-7-9F 6.0-95' Light gray-brown fine to coarse sand and clay| | 201 32

. 16 e friable, very stiff, damp. No product odor.

{ 95-143" Light gray-white sand and clay, some silt,
r : dry to damp, hard, brown-red mottling,
, . 50 friable, loosely cemented. No product odor.
ﬂ -5 s t :
! 5551 1314-7-1 4« >} 14.5-17.0° Yellow-brown silty clay and sand soft, wet, MLIN/P) 29

. No product odor.
. 15— ‘.1 17.0-17.6' Light gray-white fine to coarse sand and
l. o silty clay, red-brown mottling, wet, medium
; sHd 0° | ’fix b dense. No product odor.
ity Auger refusal on granite at 176,

he T}

’;t
B

M
wn
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DRIGIRG,

METHOD: 3.5 HOLLOW STEM AUGER

BORING: GMW9A .. ... DATE:10/8/85 PRO JECT: VIRGINIA WOOD'PRESERVERS |
LOCATION: HENRICO €O., VIRGINIA

SURFACE ELEVATION : 207.5
CASING ELEVATION : 208.6

SAMPLE
RECOVERY

PENETRATION
EFFORT (6")
LEGEND

SOIL DESCRIPTION

S0IL CLASSIF.
PLASTICITY

LIQUID LIMIT

NO SAMPLES WERE TAKEN. LOG IS EXTRAPOLATED

1 FROM BORING GMW9.

=z} 0.0-0.7 Dark brown clay loam. some silt. dry. roots,
~medium stiff. No product odor.

1 0.7-3.5' Gray-brown ciay and sand, stiff, dry. semi-
plastic. No product odor.

3.5-4.0° Light gray-brown fine to coarse sand and clay

i friable, very stiff, damp. No product odor.

4.0-6.0" Light gray-white sand and clay. some silt,
dry to damp, hard, brown-red mottling,
friable, loosely cemented. No product odor.

6.0-72 Light gray-brown fine to coarse sand and clay
friable, very stiff, damp. No product odor.

\n

PR W- [P o l RTE s ibdeda
DEPTH (FT)

|
(2
o=

0y
[ v

Lo e
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CONSULTING GEOLOGISTS ' - S

ORIGINAL
{Reg;

BORING: GMW10D

DATE:9/11/85 PROJECT: YIRGINIA WOOD PRESERVERS
METHOD: 2.5 HOLLOW STEM AUGER

LOCATION: HENRICO CO._, VIRGINIA

'~ -]
i l g SURFACE ELEVATION : . 210.1 .| g
Sl E 52 CASING ELEVATION : . 210.4 E} g
£ |8 o E8 HE
O 3 B
A1« Hi E SOIL DESCRIPTION S o
R B4 | | Pa] ¥
ssil 124 2-3-< B 8 0.0-4.3° FILL : Red sandy clay, micaceous, dry
g 43-3.3 Dark gray-black silty clay loam, erganic rich,
552/ 9" | 6-9-8 & sofl, roots, damp.
5 ss3| 231 2.2.35=] 3-3-74 Grey-brown sand and clay, some silt, wet, non-
plastic, medium stiff. Faint product odor.
_ 10-33 B 74-120 Light gray-white sand and clay, dry, loosely
ss4] 16 50X [e cemented, friable, hard. No product odor. SC19.9124.9
' 44 12.0-123 Variegated green, red, and yellow fine to
a coarse sand with little clay, damp, medium
sss| 187 6-7 dense. No product odor,
123-16.6 Variegated red, brown, yellow [ine to conrse
—13—5S6[ 127 6-7 sand with silty clay, trace fine gravel, wet,
- semi- plastic. No product odor.
sHa 7 : 7 - T T - SCI11733
ss7| 18- 34395 16.6-17.2 Brown-yellow fine to medium sand with little
: clayey silt, loose, wet. No product ador,
26 61-901: 17.2-245 Brown clayey sand with some silt. Mottled
{ s intervals (3") of gray-white and red
558; 12 ol brown, very dense. wet. No product odor.
sse| 171 -70 Auger refusal on granite at 243",
Ss1q 5°] 100X s SR
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LENNETT & WILLIAMS, INC

CONSULTING GEOLOGISTS . . "%Ge!dffm
BORING: GMWI10A DATE: 9/11/85 PROJIlECT: YIRGINIA WOODP PRESERVYERS

METHOD: 3.5 HOLLOW STEM AUGER

[ ——"T

LOCATION: HENRICO CO., VIRGINIA

— =
X [ hN SURFACE ELEVATION :210.4 Bl ol 8
{ = |5 E 5% % CASING ELEVATION : 211.8 % B8
By = IR
e s o [ o o 2 “ 5
[ [ &4 uy
i S8 a8 E | = SOIL DESCRIPTION 2 3 8
H L]
NO SAMPLES WERE TAKEN. LOG IS EXTRAPOLATED FROM
i BORING GMW 10.
i 0.0-4.3° FILL : Red sandy clay, saicaceous, dry
3= | 4.3-5.3" Dark gray-black silty clay icam, organic rich,

sofl, roots, damp. ,
5.3-6.9' Gray-brown sand and clay, some silt, wet, non
plastic, medium stiff. Faint product odar.

LS o
= =)

[ ]
L8

s i3]
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BORING: GMW 11
METHOD: 3.5 HOLLOW STEM AUGER

DATE : 10/11/385

PRO JECT: YIRGINIA WOOD PRESERYERS
LOCATION: HENRICO CO., VIRGINIA

-

DEPTH (FT

:

!

SURFACE ELEVATION : 202.9
CASING ELEVATION : 205.31 DRIGING,

iFevt

SOIL DESCRIPTION

SOIL CLASSIF
PLASTICITY

QUID LIMIT

551

1 0.0-0.3' Black clay foam., little silt, roots, damp, soft.

No product odor. A
0.3-1.0° Gray-biack clay and sand, some silt, low
__ plasticity, wet, soft. No product odor.
10-3.7 Brown-orange fine to coarse sand and clay,
" light gray-green and red mottling, damp,
- yefy stiff, friable. No product odor.
3.7-92° Brown clazrey sand, some gravel. Mottled
intervals
. damp to wet. No product odor.
Auger refusai on granite at 92°.

3") of gray-white and red brown,




BENNFTT & WILLIAMS INC
CONSULTING GEOLOGISTS

ORIGINAL
.- L _ e o (Reqy
: BORING: GMWI 1A DATE : 9/13/85 '~ PROJECT: YIRGINIA WOOD PRESERYERS
METHOD: 3.5 HOLLOW STEM AUGER ’

LOCATION: HENRICO CO., VIRGINIA

— =
' & EN SURFACE ELEVATION : 202.0 g
‘E by E E g E CASING ELEVATION : 205.0 E
| 4 g
3 B
g &5 SOIL DESCRIPTION g 5 S
i ssi 0.0-0.5" Black clay loam, little silt, raots, damp.
: No product odor.
i -1 0.5-4.0° Gray-black clay and sand, some silt, soft, low
i - 553 plasticity, wet. No product odor.
5 : 490-3.0" Brown-orange fine to coarse sand and clay,
| some gilt, very stiff, friable, light gray-green
i and red mottling, damp. No product odor.
! 18
—15—
—20—
—25—
a0
ey
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, e _ ! {Rod)
BORING: GMW 12 DATE: 10/10/85 FRO JECT: YIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER -~ - LOCATION: HENRICO CO., VIRGINIA
~ = :
™ e~ SURFACE ELEVATION : 209.4 Bl B
\‘:‘,- o Y D va (o =
ta <= CASING ELEVATION : 210.0 Z 5l S
E u E =] g I =
&1 5 D HS|g S 9l 5
a & el a2k SOIL DESCRIPTION 50 3 9
Ou b2 va] B v
. 0.0-05 Black-brown clay loam, some silt, organic rich,
551207 3-2-3 roots. dry.
05-45 Light brown-gray clay and sand, some silt,
552( 137} 2-4-4} ~medium stiff, dry. No product odar.
] ss3] 1146-9-14: 435-3.3 Light brown fine to coarse sand and clay. moist
to dry, gray mottling, stiff. No product odor.
54| 24 10;13 ‘1 5.3-9.2° Light gray-brown sand and clay, very stiff,
-13 friable, dry. No product odor.
. 1555|207 5-6-9
S56 3-6
. 9.2-31.9 Light gray-white fine to coarse sand and silty
—5— clay, red-brown mottling, damp to moist,
medium dense. Nao praduct odor.
26
=
- F
36 | Auger refusal on granite at 31.9',




BORING: GMW13

DATE : 10/7/85 PRO JECT: VIRGINIA WOOD PRESERYERS
METHOD: 3.5" HOLLOW STEM AUGER

LOCATJION: HENRICO CO., VIRGINIA

DEPTH (FT)
SAMPLE

RECOVERY

RFFORT (6")
LEGEND

SURFACE ELEVATION : 207.3 ORIGINE:
CASING ELEVATION : 208.8 {hed
SOIL DESCRIPTION

SOIL CLASSIF

PLASTICITY

LIQUID LIMIT

8
]

551|127 1-1-2

552| 2471 4-8-1

553]| 24715-9-1

8-13

5s4[ 97 | -16 Exx

585} 217)5-8-1

SHY

8.0-02' Dark brown-black clay loam, [ittle silt, organic

rich, dry.

02-13 Light gray-brown clay and sand, some silt,
soft, mottied, organic rich, dry. No product
odor.

15-2.3° Yellow fine sand and clay, some silt, roots,

- medium stiff, damp. No preduct odor.
2.3-5.8° Light gray-brown sand and ciay, some silt,
red-brown mottiing, damp, very stiff. No
product odor.

5.8-12.0' Light gray-brown fine to conrse sand and
clay, some silt, friable, very stiff, damp. No
product odor.

12.0-15.0°' Brownish-gray silty clay and fine to coarse

MH

28

51

sand, soft, wet. No product odor.

15.0-420 Light gray-white fine to coarse sand and
silty clay, red-brown mottling, wet, medium
stiff to stiff. No product odor.

AR100393
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BORING: GMW 1 4
METHOD: 3.5 HOLLOW STEM AUGER

DATE:9/16/85 PRO JECT: VIRGINIA WOOD FRESERYERS

~ LOCATION: HENRICO CO., VIRGINIA

— =
& ul ES SURFA CE ELEVATION : 213.0 ORiGHN - 8l &l 8
=48 B = % CASING ELEVATION : 215.7 ffe 2! gl 3
By g g A
&3 8 E S| 8 S 85
CHEIE- SOIL DESCRIPTION 8 3 5
[l tat B I
, 9-13 ' ' ' '
ssii j2 -12 0.0-0.3' Dark brown-black clay loam and sand, dry
0.3-1.3' Brown-red fine io medium clay and sand, very
ss2l15-|4-7- 14 stiff, dry, white-gray mottling. No product
: odor. - . ,
s . waq 1.3-1.8" Black sand, uncohesive, asphalt, dry.
553/ 20717-8-12% 44 1| 8-4.3' Light gray-brown fine to coarse sand and clay,
16-164 44 red-brown mottling, very stiff, friable, damp.
ss4l 247 -19 |28 Trace gravel at 3.8'. No product edor.
10
sssl 187 6-9 4.3-14.0' Light gray-white sand and clay, some silt
irace gravel, red-brown mottling, loosely
- cemented, dry todamp, hard. No product odor.
45— 556 187 7-9
SHA 14" SCl 16135
14.0-23.9 Gray-white fine io coarse sand and silty clay,
3845 red-brown motiling, damp, dense {o very
29 | - - dense. Wetat 19.0°. No product ador.
ss7| 167 -36 - S . S
SS8| 6” p6-100}:: | Auger refusal on granite at 23.9".
—25—
36




BENNETT & WILLIAMS, INC
CONSULTING GEOLOGISTS

ORIGHAL
i . o T LS SR ' {Red)
. BORING: A DATE: 9/13/85 - -PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER LOCATION: HENRICO CO., VIRGINIA
— 2 gl &
= SURFACE ELEYATION :203.8 ot =
=l Ei > Zia 2 = =]
g 2 o = & o E a
& | 3 8 E S8 S 2B
Al d B aui- SOIL DESCRIPTION =5 3| 9
e (3 ] A« -1
i 0.0-05 Dark brown clay loam, little siit, trace sand,
s S5 127 1-1-5 soft, roots, non-plastic, wet. No product odor.
i
i $S2| 127 4-5-71-00 0.5- 3 0" Gray-black sandy siit, some clay, low
7-10 5] plasticity, wet, medium stiff, trace gravel.
% > ss3| 121 -14 B No product odor.
: 3 0—4 0 Lnght brown clay a.nd sand some silt,
) stiff, plastic, damp. No product odor.
cn 4.0-5.0' Brown-orange fine to coarse sand and clay,
Lo 0 light gray-green and red mottiing, damp,

very suiff. No product odos.
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b 1.
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BENNETT & WILLIAMS, INC

CONSULTING GEOLDGISTS I IR

ORiGigA;
{Red}

BORING: BS

METHOD: 3.5" HO

LLOW STEM AUGER

- DATE: 11/6/85

~— " LOCATION: HENRICO €O., VIRGINIA

PROJECT: YIRGINIA WOOD PRESE;!VERS

— =
e ol BT SURFACE ELEVATION : 210.4 =1 E
vl I <=8 ﬁ gl 3
AR < 5| 3
& | H 9 g’é“ g S 9] B
SN SOIL DESCRIPTION gl 3 g
B4 K eal Pl 3
ss1f 1475-3-1 0.0-1.0° FILL. Gray-black sand and gravel. | s |21
13-1 ‘ :
ssal 244 -32 10-2.7° Light brown clay and sand, some silt, very
suiff, dry, semi-plastic. No product odor.
L4
” 2.7-40" Light brown sand and clay, some silt, trace
gravel, hard, friable, some red and white
mottling, dry. No product odor.
10
1=
4.F
—20
o= _
[ 4
— )
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BORING: C5
METHOD: 3.5° HOLLOW STEM AUGER

DATE : 11/6/85

LOCATION: HENRICO CO., YIRGINIA

FROJECT: ¥IRGINIA WOOD PRESERYERS

DEPTH ¢FT)
SAMPLE

PENETRATION

SURFACE ELEVATION : 210.2

SOIL DESCRIPTION

SSIF.

SOIL CLA
PLASTICITY

110010 LIMIT

®
= |EFFORT {6")

1
N

552,

T
+
L

I 1- 3 4 Brown- black nne to medmm clay and sand,
___ sume gravel, damp, medium mﬂ‘ Strong

18~

"
()

- product odor.

112

8-21 [

3.4-42 .Light. gray silty clajr. wel, medium stiff. Dark

[ ol

3

20

=

brown non-aqueous phase liquid in some
pore spaces. Strang product odor.

42-6.1' Orange-hrown fine wo medivnm sand and clay,
gray mottling, soft, wet, non-plastic. Dark
brown non-agueous phase liguid in some
pore spaces, and an split spoon sampler.
Strang product odor. ,

6.1-7.0" Light gray line to coarse sand and clay,

No product visible in pores. Product odar.

ML

N/P

46

trace gravel, red motiling. damp, friable, hard,

130398
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BENNETT & WILLIAMS INC -
CONSULTING GEOLOGISTS ... . . .~ . .

ORIGHIE

Red)

BORING: B>

METHOD: 3.5 HOLLOW STEM AUGER

- DATE: 11/6/85

PROJECT: YIRGINIA WOOD PRESERYERS
LOCATION: HENRICO £0., VIRGINIA

=
= - (= . £t o
E 24 =3 SURFACE ELEVATION : 207.3 @ o =
4l B 2| B <l g =
EIE o 8E|2 | S & 8
A E 3 E G| 2 SOIL DESCRIPTION gl 3 g
[l o Bs =
551} 1771 7-6 0.0-1.0° Brown-orange clay a.nd sand some silt, damp,
7 ; stiff. No praduct odor.
552| 24 4-6-2 I ; L
: 1.0-3.5 Orange-brown fine to medivm sand and clay,
5 gray mottlin g, stiff, damp. No
product odor. WetatZ2.6'.
3.5-40 Light brown, yellow, and red fine to coarse
sand and clay, damp to dry, hard, friahle.
Faint product edor.
10
15
7
28—
20
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BENNETT & WILLIAMS, INC

CONSULTING GEOLOGISTS o

P

L ORIGIRAL

{Red)

BORING: ES

DATE : 11/6/85

PRO JECT: VIRGINIA WQOD PRESERYERS

METHOD: 3.57 ’:wa STEM AUGER LOCATION: HENRICO CO_, VIRGINIA
3] ol B SURFACE ELEVATION : 208.0 Bl . 8
AR E Sig S Bl B
Sl a8 Skl SOIL DESCRIPTION =1 =
e [ — vif Be| o3
SSH| 1171 4-5-6[ 0.0-0.7° Light brown clay and sand, wood chips, roots,
§0-1 stiff, dry. No product odor.
ss2{9.51 -25 S ) _
23 -0.7-32' Orange-brown sand and clay, semi-plastic,
5 very stiff, dry. Ne product odor,
3.2-40" Light brown fine to coarse sund and clay,
friable, hard, dry. No product odor.
15
20
25—
o L=

H.




LENNETT & WILLIAMS, INC

CONSULTING GEOLOGISTS o DRIGINA,
- : {Red;
BORING: FS - DATE: 11/7/85 PRO JECT: VIRGINIA WOOD PRESERVERS |

METHOD: 3.5 HOLLOW STEM AUGER

LOCATION: HENRICO CO., VIRGINIA

_ _green and red mottling, dry. Product oder.
Orange-brown at 2.0,

—5——{ 553} 147 12-29|%

2.4-38 Brown-gray sand aﬁd clay soft, wet. Dark

brown non-aquecus phase liguid in some

pore spaces. Strong product odor,

35 3.8-4.6' Light brown-gray fine to medium sand and
clay, friable, very stiff, damp, gray moitling.

Dark brown non-agqueous phase liquid in
some pore spaces. Strong product odor.

4.6-5.5 Light gray-brown fine to coarse sand, some
35 clay, hard, friabfe, loosely cemented, damp.
Product odor.

W
€O

o = . By g
g sl H5 SURFACE ELEVATION : 207.3 Bl =l &
[ 2] ~r o 3
B E & S8 3
g8 o8 B 5 8l B
Al & g gk SOIL DESCRIPTION = 5| o
A B o P g
S5t} 147 8-7-7}- 0.0-1.1' FILL : Black clayey sand and gravel, dry.
ss2| 24 1-3-4 1.1-2.4' Dark gray fine to medium clay and sand, stiff,




hl
LELVIVOS § O WLLLLARTD, SV

CONSULTING GEOLOGISTS
Uhe ...
T {Ree-

DATE:[1/7/85  PROJECT: VIRGINIA WOOD PRESERVERS
LOCATION: HENRICO CO., VIRGINFA

58
::E
S3
-8
N
:
=
i
g;
>
g
@

SURFACE ELEYATION : 208.9

DEPTH {FT)

RECOVERY
PENETRATION
EFFORT (6"

LEGEND
SOIL CLASSIF.
PLASTICITY
LIQUID LIMIT

SAMPLE

SOIL DESCRIPTION

bed
|~
1
—
—

=1 0 0-1 B Bla.ck clay loam sume sut Lrace gmvel dry.

- b
0
1
i
-—
n

ssi

1.0-2.6 Dark brown fine to medium clay and sand,

5S2 | 1575-9-14 h
. 3 51‘!3 =133 very stiff. Damp and softat2.0'. Strong
H -~ e 7Y product odor.
y ss3j 247 -15 o L T
i‘ - . ~26-3.3 Crange-browa fine to coarse sand and clay,
: 554 | 244781 b some silt, very stiff, damp, gray muulmg

L S R R B R Strong Product odor.

33-6.3" Light gray-white [ine to coarse sand and clay,
some silt, hard, damp to dry, loosely cemented,

. friable. AL 4.0, dark brown non-aqueous

'— phase liguid in some pore spaces and on

H Spoan. :

]
-
P

6.3-8.0° White-gray fine to coarse sand and silty clay.
red-brown mottling, damp to moist, medium
dense. Dark brown non-aqueous phase liguid
l in some pore spaces. Sirong product odor.

-m.- "o
19
(1]

he 181

=

b 14
Lo

210
o L

100402




BORING: HS
METHOD: 3.5" HOLLOW STEM AUGER

DATE : 11/7/85
LOCATION: HENRICO CO.,

PRO [ECT: VIRGINIA WOOD PRESERVERS

VIRGINIA

DEPTH {FT)

SAMPLE

RECOVERY

PENETRATIO

EFFORT (6")

SURFACE ELEVATION : 209.7

LEGEND

SOIL DESCRIPTION

S0IL CLASSIF.
PLASTICITY

LIQUID LIMIT

351

0.0-0.7° FILL : Black sandy clay, trace gravel, dry.

552

0.7-2.0' Brown clay and sand, some gravel, very stff,

553

157

.7 .Bray motiling, dry. No preduct odor.

G4 20-3.4 Oran ge-brown sand and clay, sume silt, soft,

[T
@

bt 14

damp to wet, non-plastic. Faint product ador.

3.4-4.1' Brown-gray clay and sand, some silt, stiff,
damp to wet, plastic, red and orange mottling.
Faint product odor. -

£.1-3.2" Yellow-browa clay, some silt, Jittle sand,
medium stiff, wet, plastic. No product odor.

5.2-6.0" Light gray-brown fine to coarse sand and clay)

Iittle gravel, hard, loosely cetented, friable,
some red and orange mntumg. No product
odor.

CL

12

22




150404

BORING: I DATE: 11/8/85 PRO JECT: VIRGINIA WOOD PRESERVERS
MET.HOD: 3.57 HOLLOW STEM AUGER LOCATION: HENRICO CO., VIRGINIA
oy = Jd -
e S~ SURFACE ELEVATION : 213.1 Bl 8
E & o é 5 E 3 E (=)
g2 g B3la SOIL DESCRIPTION 3| 2 Bl
u = B g| = =
5511137 3-3-71 ] 0.0-12 Dark brown clay loam. roots. @l7 |zl
$82§ 247 5-7-8 1.2-19 Dark gray clay and sand, som¢ silt, stiff, sM| 3 | 34
§-15 damp. No product odor.
3 Ss3| 147 14 E
(120572 1.9-5.7° Light gray sand and clay. some silt, stiff. damp
, b Some wet seams and gray motiling from
1 -2f
554} 24 - - 3.3-5.7'. Naproduct édor.
i 5.7-6.0' Gray medium to cearse sand, some sift, little
LAY clay, medium stiff, wet. No product odor.
6.0-8.0' Gray-white fine Lo coarse sand and clay clay,
trace gravel. hard, loosely cemented. friable,
damp. No product ador.
1=
-
2
25—
20
pr L 5




BENNETT & WILLIAMS INC
CONSULTING GEOLOGISTS

: {Reds
BORING: JS ~ ~~ DATE: 11/8/85 . PROJECT: VIRGINIA WOOD PRESERYERS
METHOD: 3.5 HOLLOW STEM AUGER LOCATION: HENRICO CO.. VIRGINIA
P = .
> S SURFACE ELEVATION : 205.5 Bl ol &
=24 2 al Bl &
=|a B 338 3 g A
B o =
g8 9 ES|g Sl 8l B
S s B d ™ SOIL DESCRIPTION =l 3| o
B ) | Sl
SUATI 33 00-1.1° Black clay loam, trace gravel.
$s52 ¢} 1.1-30' Brown-gray clay and sand, some silt, stiff,
- semi-plastic, dry. No product edor.
ss3 : o _ MLIN/P] 32
3.0-45 Light gray fine to coarse sand and clay, some
silt, friable, dry to damp, very stiff. Na
product odor.
wn 45-60" Light gray clay and fine te coarse sand, some
bl silt, damp, stiff. No product odor.
Ty
20
bt L~
T Y
36




LrEIVINEL F O W LLEIA3MD, VG

CONSULTING GEOLOGISTS

_ e ORIGiNG,
B EE e ERCEE IS Co- .- (Reﬁfl
BORING: KS _ DATE: 11/8/85 PRO JECT: VIRGINIA WOOD PRESERVERS
. METHOD: 3.5" HOLLOW STEM AUGER LOCATION: HENRICO CO.. VIRGINTA
= =
- o~ . e
g E 52 SURFACE ELEVATION : 213.1 % E g
g B é & z% 3| Bl &
= L&)
Al S B Gk SOIL DESCRIPTION Sl % &
e I ] Bel 3
17-1 2. S o o
551 =1 0.0-0.7° FILL. Black sand and gravel, some clay, dry.
) 552 -] 0.7-1.2°_Light brown-orange sand and silt, some gravel
-—wery suff, dry. No product ador.
—>—| 553 . .
12-2.2' Dark gray clay and sand, some silt, very stiff,
gasoline odor, dry.
2.2-42' Orange-gray clay and sand, some silt, damp
stiff. Gasoline odor.
- 42-6 0 Brown-gray fine to medium sand, some clay,
Hule silt, damp, hard, friable. Gasoline odor.
1=
4.0
20
e
by
38




BENNETT & WILLIAMS INC
CONSULTING GEOLOGISTS

GRiGing,
(Red;
. BORING: L DATE: 11/8/85 . PRO JECT: VIRGINIA WOOD PRESERYERS
METHOD: 3.5" HOLLOW STEM AUGER

LOCATION: HENRICO CO., VIRGINIA

! = 3 B =
) =k SURFACE ELEVATION : 207.6° Bl 5
Ly bl D = 33 = e ]

! o E 2ol &8 <l 5| 3

i E e E =} — a
&5 o H3|8 S 9 B
Al S @l gllA SOIL DESCRIPTION 5l 3 o

s I | B =3

; ‘ T2 0.0-04' Blac k : ¢ rich. - -

H ssil 194 1-2-2 0 clay loam, organic rich, roots, damp 1ol 35

06-1.2° L:ght brown-orange sand and clay, damp, soft.

: $82| 167(2-4-6 T Ko product odor. _ ) ML{ 4 |35
= ss3| 1814-8-1 1 2-27 Gray-brown clay and silt, hu.ie sand, wet,

- -semi-plastic, soft. No product odor.

2.7-40" Light gray clay and silt, trace sand ;wet,
stiff. No product odor.

e
e o

2
! 25
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CONSULTING GEOLOGISTS

-~

P P e st 2 A

R ' DRIGIRA,
T ..{REG!

BORING: M5
METHOD: 3.5° HOLLOW STEM AUGER

DATE: 11/11/8%

PROJECT: YIRGINJIA WOOD PRESERYERS
LOCAT]ON: HENRICO CO., VIRGINIA

16C408

P - =
& .| S SURFACE ELEVATION : 206.2 Bl ol 5
gl ® Rela 2| 5l 5
&) = o BS|8 a2 8 B
AL E g ak SOIL DESCRIPTION 5l 3| o
e kg | Bel o
551} 47| 2-4-21 0.0-0.6' Black clay l(:nm root.sdry _Pirﬁ&-hcl-odqr.-
6-29 CLl17 20
ss2| 174 -37 06-20" Brown-yellow clay and sand, soft, wet. No SMIN/H 36
- -product odor.
- * - -
0.6-3.4 Light brown sand and clay, some silt,
stiff, damp. No product odor.
3.4-40 Light gray-white fine to coarse sand, some
clay and silt, hard, dry. friable, loosely
48 cemented. No product ados,
!!
et {4
[
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BENNETT & WILLIAMYS INC
CONSULTING GEOLOGISTS

‘ QEailes
o {Rer

A i

BORING: N5
METHOD: 3.5 HOLLOW STEM AUGER

DATE:11/11/85

PRO JECT: YIRGINIA WOOD PRESERVERS
‘LOCATION: HENRICO €O., VIRGINIA

Lt 14

[

20

AP

1 s RN SURFACE ELEVATION : 207.5 ﬁ ol IR
B [ ~r [ P
»d - o 1 IS
E |8 o BB SN
Al3 8 ga SOIL DESCRIPTION 5l 3| B
e L] R 3
551} 127713-6- 0.0-1.¢' FILL. Black and gray sand and gravel, some
clay MLIN/P| 15
$52| 24 2-5-1
8-51 0 1 4»-2 Z 0range-brown clay and sa.nd some sﬂt dry, s 19
5 ss3l 22 -20 stiff. No product odor. MOR/PI 25
2.2- 3 2 3 Orange -brown clay and sand with light gray
fine to coarse sand and clay intervals, some
silt, damp to wet, stiff, non- plastxc No
product odor.
L £a
3.4-43 Brown sand and clay, some silt, very stiff,
damp. No product odor.
43-45%' Light brown-yellow clay atid sand, some Silt,
wet semi-plastic, very stiff. No product odor.
i=
Tk

£8-6.0° Light gray-white clay with fine to coarse
sand, some silt, Joosely cemented, damp, hard

No product odor.




Promct - Boring No.GMW=1 Sheet
“Location Pﬁ‘fms Date of Boring
Surisce Elavation i __losaty: WWH JobNo.BE_}2-11
pth Boring Log & Nome Sempting Dave
Fi ’ Ni. | From To Blows®
k0,0 | FILL MATERIAL~ Damp brown clayey SAND
P _No Product Odor 41 0.0 | 1.5 | 6-8~6
g CoNeDETE LT TR L mmT oo
.0 | wet dark gray silty CLAY with organic
NN -material - 2 2,01 3.5 |1=2-1
(H Strong Product Odor
‘§< C T e T ON T E e - ‘
iy 3| &of 55 [1-12
:2 27 e EocEe L
:,5 - B LD -2 ol -
><)<
iWa
{M7.0 | Damp brown & strong brown clayey SAND
bed . Product Odor R
;gh
0y - I .
(1410,0 Granite Reasiduum - Damp yellowish brown 4 9.0]10.5 b-14-22
O _ & gray micaceous silty clayey SAND
1 Slight Product Odor
i )
P ErprE-Swe GRow7 | T
] .
B — 5| 1.0] 15.5 | 4-9-24
o]
- - BEAVTONTT T TSy, T T T S
' CRAVEL AWk T E e
' — -4 6| 19.0] 20,5 |10-27-45
U B -
g= 2" STEEEN Aro. T "
o5 SEH. 4D O/d SioTS (S LENGTH ) 7
i - - I Z|_ 250l 2K 3 150
24,2 _ Bottom of Hole —
Ground Wawre Dats: Ground Water Contact DVORAK
eror levei 22 0 bt batow ground surtece 242 O hex. strer compietion. GEUTECHNICAL SERVICES, IN
o At below pround wrfes., - mr VIRGINIA

*No. of Bioma 14040 Hammee, 30-in, Fall, Required 10 Drive 2 in, 0.0.. 1375 in 1.0. Samoier § Inghse. |

GMwW-1

(1)




FED I DUNING NCWUNL

roner Virginla Wood Preserving - Rentqﬁil [Ooring No. GMW=2  Sheat ] of ]
touvon Peyion Street & Oakview Avenue o Co Vo, Dew ol Boring
Surlacy EMvation Fr, Loped By:  WWH o JobMNo. 85-02-17
Depth lo;lq Leg & Mot Sampling Dats -
F1 No, from Te Biow
.0 | Damp y;ll:wbgrown red & gray llndfchAY
| _No Produo or , N ’
C’p/yagfr‘— .- " oL ',f,,:, f_:- V  § 0.0 2,0 l’*'“'h-ﬁ

“4 B '&.E&‘M TN LT B SEL, T
[ 27 Py Spu o AorsEe - |2 2.0 k.0 p-l9-26-4p

14,0 | Damp gray & ysllow brown clnyey SAND
. | No Produet Odor

-3 h,o| 6.0 [-23-34-)

P

" Trace of Quartz Pragments - 7,0°

C FEaves TE Son GEeor 18] 6.0 8,0 [15-31-38-p2

%8.0 Grenite Residuum - Damp gray to gray &
' L.yellow brown sandy CLAY to clayey - 8.0
SAND (Large Fragments of weathered to 5 ’
unweathered GRANITE)

No_Product Odor
(CSEN TN (TE STELHL 46

10,0 |6-13-16-2p

10,0 12,0 |5-8-11-14

=3

- T - - T =l

e paiae T T | 7] 12,01 14,0 |6-9-10-13

g

s L OyE S MDD
- SCBEEN(L/C)(5 TEnarm)

T r——
s

81 14,0)16.0 |5-11-15-1%

SR

; 18,1 | Bottom of Hole

i
H o e _ N
1
; S— — - - — _
! - ——
[ -
I
; R -
By Wewe Durty: Qround Wome Cormet __18.0 DAVCRAK
; mnu.?_:._num.mmn.?r_.._m«mwm . GEOTECHNICAL SERVICES, DNC.
1
| Caveia et 2L bulow ground werfses, ‘ RICRMID, VIRGINIA

INe. of Sions 180-8. Harnmer, Mfdl.m'nbrhth-bb . 1375 LO. lunplullm 1(& CMW-2 (7)




VTES] BURING HELURL

Frorc Yirginis_Wood Preserving - Rentokil [oims Ve GMW=3 __ Eresi ] o
“oaves Pevion Street & Oakview Y. Vm, DuweotBois 3/3k/88
[Suriscs Etevstion __ FL.__——  togedBy: WWH - JobNo, BEwQ2~]7
¥ ISR s.hﬂ!ﬂ' Dsu

“ar Boring Log & Nens e MNo. From To Rlowe*

Fe

0.0 | Damp black silty SAND
4] . mp yeilow brown sanay 41 0,0 2.0 8'13"8,-5

Faint Produot Odo

, A | 2| 2.0 b0 [2-B-12-17
i[,kl;.o Damp yellow brown gray & red olayey
! :,J ' SAND R
Tj_ Product Odor 3 4,0} 6,0 [B-13-20-2D
4 - T T
AT A TEVY S - SO i7" . -
21;,;_ LN T SEIL — Hu| 6.0 8,0 l6-16-26-1F
kel — — —
: £ 8.0 L(’.}ranit;g Residuum - Damp gray red &
X %;ﬁiﬂ:tbf:g:? to gray sandy CLAY 45 8.0]|10,0 [5-11-17-2h
i \‘\‘ . -
1k 27 SEM KO Y IS ]
1y 6| 10.0|12,0 |5-7-11-1)
) BENTON 1 TE S as) s ﬂ
HE— - 171 12,0| 14,0 [4-B-11-17
l‘l :
- 5.0 | Disintegrated Granite - Damp brown 8] 14,0] 16,0 [3-6-B-10
Y1 _ yellow micaceous clayey SAND to silty
y SAND
b . Falnt Product Odor 19 16,0] 18,0 |2-7-12-2C
1, AV E L A L

2 7R S EE 00D )

il SVNELL/LE $O(B3 T LENsT] )
) [ : —410| 19.0(| 20,4 [%5-25-100
il 20,4 | Bottom of Hole .
; " SR : : N
l , | S S
: = - o S . . -~y
|
nd Wawe Dets; Ground Wewe Conuey 21 & 19 DVORAK
rwlhjinhmrmﬂﬁu_?_k_-g.md-wm. GEJTEINICAL EERVICES, I
- Cominm AL betow ground wirfses. B . RICHMXD, VIRGINIA
| TNe. of Bione 1408, Hamemer, 30-4n. Foll, Wubﬂ-“ 0.L. '_-_m e 1.D. Sampler § Inshes. GKW-3 (15)

7100411




rromes Virginim Wood Pressrving - Rentokil | CETD GHW-B Fre 7 o)
Locmion_Peyton Sirest & Oakview Avenue, Henrico County, Ya, Dweeldeins 3755 /8¢

Surface Efeverion Fr. Loged By: WWH s“bb:‘“' 2';-0?-] 3
smpling Uste
\D'F':m Boring Log & Nore ‘ -§ No. | Fiom Te Rlowa
R{0.0 | Damp black silty SARD b
U,% L Damp gray sil¥y SARD 41 0,0 2,0 [2-6~)5-19
< CONQRETE - - - T L
2,0 | Damp gray & yellow brown olayey SAND
R L | i
;‘J\’\ CeNrPNG T S a= 2(0.5°) 12 #° %0 p-ie-1s-a
RNe 4,5 | Pragipan = Dry gray cemented silty 13 b,0] 5.2 [6-37-6)
N fine grained SAND
i
YNIA 6.0 gxi'nnits Rulguum - Dlaintsgraxﬁdn Granitdq
+ ] 5 ght gray micaceous olayey S to i
\ 2B s s B)SES |

-
55\( BN O s S b D pr 15| 8.0 10,0 |6-12-20-5
IND | |
f\- 6] 10.0f 12,0 |14-18-25]20

s
i

(0.5%) BENTONITE S=d,

i — ] . —17] 1h4,0| 15,5 |12-15-19
?_ 15.5 |+ Weathered Granite -~ Damp brown yellow -
F; 4 micaceous silty SAND J
=y LT PVe S HO o
r’:_'w ScrEen (0/0)(S LaENETH)
ke B| __19,0] 19,8 ! 32-68
19,8 i~ Bottom of Hole =
y | *"No Product Oder :
' i ]
Ground Wewr Dets: Ground Wamr Contect . 8.0 : DVOBEAK
s it D0 2. e atonw grovet surtows 200 O es, otser carrie o, .| GEOTECGNICAL sERVICES, DX
in ot ¢, Seow ground wirfsos. i RICBOND, VIRGDNIA
"No. o Blows 1408 Hamrman, 30-4n. Pelt, Requiced 1 Drive 2 0. 0.0., 1378 In 1.0, Sampier § Ingha. GMW-4 (14)
' - 100412




_Propect .xlrg In searyv - Boring Ho,G MW= 5§ Shesy ) of 1
ll.unlion Fevton St:gag & Oakvlew Aveéggi ﬁaﬂiﬁ County, Ya,Deecioing 3/26,/8%
[lsuﬂ.u!hnﬁm £ Loged By: _ JobNo. B8-D2-~19

Wi Sampling ©
' o.;':m Boring Log & Nowes e No. From — ?"’: - Blows*
0,0 | Damp yellow bro\m ohyoy SAND
| No Product Odor . L - ,
Con P RETE SER AT £ 0.0 | 2,0 P-15-14-18
2.0 Damp ysllow brown slndy CLAI wlth trlco
3 . of Quartes Fragments _ -
S0 [ No Product Odor 2| 2,0} 4,0 p-l0-19-3)
1] o5 T HENTON] TE . SELHL
15 — 13 4,0} 6,0 ho-20-27-po
o
i N6,0 | Damp variegated sandy CLAY - red gray &
P 41 | yellowish brown -
T No Produet Odor - 4| 6.0} 8.0 -13-18-2p
*:k e NI EW /7 SOl CSXDLST 1.
- v : 5 8.0110,0 [5-10-13-15
Granite Residuum « Damp variegated
_mlgicegu: :audy silty CLAY = red gray &
yellowlsn rown 6 0, . e
. No Produot Odor : 10.0} 2.0 }3-5-6-10
27RrE. S LD EB/ISES o
171 22,0/ 14.0 |3-5-8-8

< ) . 7] 8| 1%.0] 16,0 |2-6-6-7

.yellowish brown mlicaceous silty SAKD 4 9| 19,0| 20.5 |1-2-4

9

.119.0 Disintegrated Granite -,Dnmf brown &
? 1

o No Produect Odor

s - e . - . S e — g - A

!

= ° GLAVEL HCE k=

IO oL T 7

P | 2r e sos o ]

]e SQEEEN (0/0) (S SNETH )

‘ - . | S — LYY YY) ) -

: 0iZS.? Bottom of Hole 2 25.5 |16-23

" el mguu: Qround Wawe Conteey A9, Q. DRVORAK
weveite D29 1 vetow proved mirtosr 222 0 hea. steer sampietion. . GECTECHNICAL BERVICES, DX
o AL betow round werfest. 7 ‘ RICHMID, VIRGDNIA

' i, .tm.nmnm.mm.mumah 0.D., 1378 1 1.0, Samoler § insher. |

GMw-5 (20)
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TEST BURING HEvUniw

repet Yirginia_ Woad Perserving - Rentakil [poriraNe. Bop __ Shwwty ot 4
Locstion Peyton St. Na. Duie 6! Bosing 2-19-85
Surface Elgvation Ft. Loged By: WED o JobNo. B5-02-173
Depth I T Sampling Dawa
F1 Boving Log & Notn ff’fﬁﬁ No. From Ta Blows*®
0.0 | FILLs Varlegated (yellow brownxr;d &
1l d L _ s
. gray) micaceous clayey sandy S 1 0.0| 2.0 3-5
2.8 ' Damp to wet varlegated brown gray & -]
ysilow sandy SILT ,, 2 2,01 k4,0} 622
- Paint Product Odor
6.0 | FRAGIPAN - Dry gray silty SAND loosely | 3 5.0 7.0 B-10
- cemented
No Product Odor
i ' ] &} 10,0 12.0] 13-18
11.5 | Damp yellow gray sandy plastic SILT
No Product Odor
R 1B
16,0| Disintegrated GRANITE -~ Dry to damp sl 15.d 17.0| 7-20
| brown clayey sandy micaceous SILT
_ _ - » | _zo.0] 20.5 [ 10
20,5/ _Weathered GRANITE 16
20,5]| 21,0 L6
— : e 21012131 et
21,1 Slightly weathered GRANITE
-  BOTTOM OF HOLE -
Ground Water Dats: Ground Water Contact _._15_:.5__ DVORAK
Water el nln.z_'lt.bﬂmrournuﬂm._z_l_‘_:.g.hn. ofter complation, GBOTECHNICAL SERVICES, IN
Cove in ah.2 2 Tt vatowe ground srises, RICHMND, VIRGINIA

*Nao. of Blows 140-1b, Harnmer, 304n, Fall, Required to Drive 2 4n. 8.D., 1.375 in 1.0, Sempiler € inchus.

1006414

B~-2




——

lr.ai nunlwu n:uunu

. _Propct Vlrglnla Wood Peraerving - Rentokil __}BoingNo. B-13 Sham ] of ]
{  [ocwon Peyton St. & Oakview Ave., Henrlco County. Va, Date of Boring 2
Surlace Elevsrion FL “Loged By: WED JobNo.B5-02~11
Sampling Data
Denth Boring Loy & Note e No.| From To Blow:*

i £

0,0 Wet dark brown CLAY

’

1.0 [ PRAGIPAN - HARDPAN - Dry gray cemented 1 0.0 2.0| s5-75
| sllty fine grained SAND
ﬂo Product Odor s 2.0l 2.8

- - - Rt - - - - - =

100

3.5 L Dry yellow brown sandy CLAY - R
No Produet Odor

W . e . ER—— e T T

.43 b,5| 6.5 24-%]1

7.0 GRANITE RESIDUUM - Damp red brown
. sandy CLAY, transitioning to red brown_
) clayey SAND
. Paint Product Odor : .

-TinR -‘ Lo

10,0 Dialntegiated GRANITE - Dry clayey
| fine grained SAND _ )
Faint Product Odor b 9.5 11.5| 8-29

-:?:-“-‘o‘n’
™
I
I

L | - ‘ ] 1
é. 13.5|. GRANITE RESIDUUM - Gray sandy CLAY =
Product Odor

Slightly weathered GRANITE St 1s.o 15311 100
BOTTOM OF HOLE

[y
i
- 3
(ol ]

i — —_

¥

!

! - - J = e e e = . B N

.rwnd Warer Diu Ground Warer Confact ,J‘_Omi._.___. . TAVORAK
Water levet L balow ground surtace _..2..._'—9'"1. stier complation, GEOTECHNICAL SERVICES, INC,
Cawe in ot r—!L below ground wrfsot. . mm! VIRGINIA

“Na. of Biowa 140-85. Hemmer, 30-in, Flll,ﬂmlndwbrileh 00 I..‘I?SMID s.mphrllndwt.

-‘ 1-C4}5

B-13
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TEST BOHING RECORD

| Promet Wﬁwil [BoringNo, B8 Shem o )
Luul [ ngsgn S V[n_ Dawr of Boring _2_1(;_,8'
Suriu:c Eleverion Fr. ’ ‘Loged By: m oz, st No, 8‘3-—02—11
Depth 5”’-;‘::"! a S ampling Data
k1 Boring Log B Notw RO No.§  Feom To Blowt*
0.0 FILL: Damp browndvlayoy SAND :
Strong Product Odor _
1,0 | FILL: Demp yellow brown sandy CLAY 1| 0.0{ 20 j11-5
| Strong Product Odor
2.5 | Damp varisgated sandy CLAY (yellow A
brown red & gray) 2 2,01 4.0 | 6-11
. Strong Product Odor
- —
5 13 k.5 6.5 12-21
- - - — - - T h -
i - - ]
- e i -
L ) “= “' 9.5 1.1‘5 9-2!"
= —
‘13.0 GRANITE RESIDUUM: Disintegrated
) . GRANITE - Dry belge micaceous gilty |
SAND
| Product Odor —
5 14.5] 16.5 22-82
16,0 Highly weathered to weathered GRANITE
. Product Odor 4
= - -
55 w : w‘l‘i_fTE“ - - — - 6 19,.5] 20,0 26
0 hered GRA - 20,0 0,
20,5 Hi?ighiluenimimmz 0.5 %o 2 28
20,6 BOTTOM OF HOLE .
- = S = = - __|
n .
snd Water Dits Ground Warer Contact L8290 DVORAK
Bree lovat s — 03 T tr. below ground surfece _2%t s O ney. sfter compietion. GECTECHNICAL SERVICES, INC,
Cave in 3t L 2248 batow ground wriscs. RICHRMND, VIRGINIA

No, of Blowa Y40-Ib, Hacnmer, 30-in, Foll, Floqulrod !o Drhn 1 In O 0., 1375 in 1 D Sempler § Inetwn,

T o TQ_ ‘Gpil@

B-18
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' TEST BUHING REVURD

Proeet_Yirginia Wood Preserving = Rentokil [Borirefio. B-21 Sher 1 o 1]
5

% } tocssion Pev;gn_stA_ﬁ_ngxigngve . Hanrico County, Va, Dastv ol Bonng  2-10-8
Surface Elvation _LopedBy:  WED _ ORI, JobNo,  B5-02-17

‘ K oci Sampling Data

j D'f:‘h !orinl Lo & Notes " No, From To Blows*

’. 0.0 | FILL: Wet black-brown sandy CLAY

1,0 | Damp yellow brown sandy CLAY 1 0,0 2.0 | 4-8

T - -- R Smem e e e R [ —

3.0 | Damp variegated sandy CLAY
. Product Odor : -

2 .51 6.5 11-20

6.0| Wet gray mottled yellow & brown clayey
SAND |
Product Odor

8.5 | Damp gray & yellow brown sandy CLAY |
No Product Odor

I - - - —=- = . - - R =

- '3 9-5 11.5 9“18

13,0 Damp to wet gray sandy plastic CLAY
No Product Odor

l_ . et e L e eemml el loIEI. Iy 14.5 16.5 5"'8

18,0 Disintegrated granite - -
. Wet to damp gray to beige micaceous _

silty SAND >
| No Product Odor — s 19.3 20,4 8
20, Refugsa]
20,4 Unweathered GRANITE -

BOTTOM OF HOLE

rournd Water Déu Grournf Water Canjset .._;'_B_Lg__. DRVORAK
Yater lavei 't. et 'Nd nirfsce > 0'\“ aiter mp&"oﬂ- Gmm SERVICES ] Mo
Cava in ot AL betow ground surfsce, le, VIRGINIA
"N, of Riowe 140-%. Hamener, 30-In. Fait, Required to Drive 2 1a. 0.0, 1.375 in 1.D, Eampier B Incha. : B-21




TE3 ! DUNRING HELURY

3o, B~

Cave in ot

1. below iroums lurl-el

Propcu Parham FOI‘EBt — IS . 1 Shast 1 ol }
i ftoesion Pevytion S;cggj; & Acklevy Road, Henrico Co.. Va. Datwe ol Boring §/23 /85
* | surface Elvvation Loged By: WWH ‘ Job No.,
Depth e Sempling Dats
; F1 Boring Log & Now T No. From To Blows®
H 0.0 Damp gray sandy CLAY . ,
. —_— C e m et s memam e e - 1 0,0 1.5 1-1-1
l o i} A2 2,0 3.5 J-4-6
i 5 ) _ . --2143 40| 5.5 | 4-10-16
! :
i —
2 - = 14 7.0 8,5 4b.7-10
‘ - .
4 9.0 Damp gray & yellowish hrown clayey
& . SAND - disinteprated granite i3] 9.0}110.5 |u-10-12
% L_ B o B ) _ o B
r?
‘!b i e
! an —1 6| 14,0{ 15,5 | 4-6-13
:J 15.5 | BOTTOM OF HOLE |
rJ o - - - L
- — e e = — ]
I
Fl i ” ]
nd-Werer Daty Ground Water Contact .._....J.L..ﬂ_._ DVORAK
rievel o 11. bytow yround nﬂu_&,_?_m sfter complerion. GROTECHNICAL SERVICES, INC.

RICHMND, VIRGINIA

*Ho. of Blows 1400, Hammer, J0-In. Flll.ﬂlwlnd!obrhilh OD 1J7§hlb . Sarnpler 8 Inchey.

1006418
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Promel

Parhem Forest

3

s No.

B~

Shest

2

1l o]

|

' 1 tocmion

Dew of Boring §/273 /85

Peyton S_tr_g_e_t % Acklev Road Henri;o Co.. va,

i Surface Elevenon Loped By: WWH Job Ne.
Ssmpling D
oar Boring Log & Notws No.] From - ‘rr: = Biow®
] 0.¢ ORGANIC TOPSOIL
.0.2 . Damp gray sandy CLAY 41 0.0} 1.5 1-1-Y
i — . Jde2 2,0 3.5 2-3-5
- - — 3 k.o 5.5 3-6-9
7.0 Bamp gray & yellowxsh brown sandy
. . CLAY o : 44 7.0 8.5 5-13-12
i i e
- - -5 9.0}10.5 | 7-16-22
I‘ ol e ——m = =
rl!
| -
i
’
’I 14,0 Yellowish brown & white silty clayey
i |~ SAND - disintegrated granite 46| 14,0{ 15,5 [ 3-7-10
‘ I 15.5 |. .BOTTOM OF HOLE _
| = -
|
{ ) - — —_ = = — - = = —ay
i - —— -
r| B ) B
f
{ eonind wWater Dats: Ground Waree Contact _N_Q.n.ﬁ._...... DVORAK
lér levet L3 . below ground surfece 24 (1 hra. steer sompletion, GEUTBECHNICAL SERVICES, INC.
' Ve in gt bR bolonrwndwrfﬂ RICRMND, VIRGINIA

" *No. of Biows 140-1. Humener, 30-in. Fal, Reauirad 1o Drive 2 In. 0.D., $.375 in 1D, Sempler 6 Inches.

106418
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Water level is !

Cava in ot

4.0 1. balow ground surfece
1L betow ground surisoe,

_E.’J;(l hre. sfter completion,

frowet Parham Forest - . l‘ sNe. RB-3 Sheet ] of ]
Location Payton Street & “Ackley Road, }{enrico COJ Ya., Daie ol Boring £ /07 /8§
Surhcc Elevation % Loged By: “!ldﬁ Job No,
[ 5 ing O
Depth | Boring Log & Nows fiis N T e
0.0 m ray s8ilty SAND
Pamp gray siity oM 1| 0.0 1.5 |2-8-16
1.0 Damp ,gray aandy CLAY
i _ o _ 42 2,0 3.5 {L0-16-32
4,0 Damp light gray silty SAND (HARDPAN) 3 4.0] 4.6 40-60
- = = T )
’ _ {4 7.0| 8.5 |30-18-10
8.1 Damp gray clayey SAND
L — 5 2.0 10,5 1-4-8
14,0 Damp varlegated disintepgrated :
— GRANITE ' —1 6| 14,0| 15,5 | 6-17-40
15.5 - BOTTOM OF HOLE o
- — e = T —af
Sround Water Dats: Ground Wetwr Contact N_O ne DVORAK

GEOTECHNICAI, SERVICES, INC.
RICHMND, VIRGINIA

*MNa. of Blows 140-%, Hlnmlt 30-in, Fall, quum“brlnih 0.0,1375in 1D, S-'mplure Inchos.,

-r:..m‘

B-3
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T R R T EEEECECET,
TES | BURING HELUUHL

Frowr _Parham Forest = ey o JU wNo. Bl St 5 of 5 |
_Locaion Pevton.Singet & Acklev Road Henrirn Co., Va _Dave of Boring 5/23./85 )
Surhct Elevarion Loged By: EWH Job No.
Depth VR $empling Data
Boring Loy & Notw e, No.| From To Biows '
0.0 ORGANIC TOPS0LL ,
0,3 | Damp gray silty SAND - 13 0,0 1,5 {1-3-8

2,0 Damp gray & yellowish brovm clayey
SAND - - .- - - - - - _ ] 2 2.0 3.5 3"6"8

| — ' 131 us,0| 5.5 | 7-9-12

' 4 2,01 8.0 | z0-80

- .0 Damp yellowlsh brown sandy CLAY
. T — 5 9.0% 10,5 5-12-20

14,0 Damp variegated dismtegrated ] .
i | ORANITE | | i

15.5 BOTTOM OF HOLZ

14,01 15,5 2-3-3

rF
i s — —
.und Warer Da: Greund Water Contact ._..].q_..‘mE_._ : DVORAE
et evet iy 2. Oft. below ground _-lrl'lul 2_4 : 0 hry. lfm 'eampmwn. - GEOTECHNICAL SEFNICES.' mc.
Cawe in ot 11 baiow ground surfsce. » RICHIND, VIRGINIA
*No. of Biowm 1%Hm’rm‘.m-h Flﬂ.ﬂtquindwbliﬂilﬂ 00,1375 1D, Slmpltl’Blndm B-{}
e LI 3 Y




BFhaend B EPL N RPIN Gl B oW e Sl s B

Promct  __Parham Farest : A WMo, R.g Shest ] of 3
Locavion ; - d, Henrico Co., Va. Date o) Boring £ /273 /8
Surlacet Elvation FuL Loged Ay: WWH Job No.
u&. Sampling D
- D'F::lh Boring Log & Notes ’*”“:’ No. Frotn - T: = Blowa'
0,0 QRGANIC TOPS501L.
0.2 | Damp gray silty SAND (H,ARDPAN) 11 0,0 1.5 1-12-19
i 42 2.0 3.1 13-32-68
_ 3 | 4.0 4,6 |80-20
7.0 Damp varliegated clayey SAND -
. disintegrated granite = 44 2.0 8.5 | 2-3-5
] t _ - . -
I - - —
d 5 - -
l. j
f o = - = 1 & 14,0 15,5 8-14-15
H 15.5 L. BOTTOM OF HOLE _
i B - - - - =
{ ! i - i
i 3 . =
| - — B}
e Water Dats: Ground Wawr Contaet 1 3.0 - DVORAK
| atoe dpvel L ft O 4. below ground marfecs 2.0 0 k. sfter eompletion, GEOTECHNICAL SERVICES, INC,
j |Caminm e betow grownd surisce. RICHMND, VIRGINIA

H

*Ho. ol Blows 140-1. Harmmbe, 30-In, Fd!.ltqu!ndtﬂbrlﬂ!h 0.0, 1.375th Sanpler G inchas,

106422
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"APPENDIX 2

Grain Size.Distribution Graphs
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APPENDIX THREE

INPUT AND OUTPUT'ﬁOR THE GROUND-WATER F
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LOW-MODEL

i

e 100449




IR
s AL

The groundwater flow conditions at the Virginia Wood Preserving
site were modeled using the U. S. Geological Survey modular three
* dimensional finite—difference computer ground water model (McDonald and

Harbaugh, 1984). All values are in units of feet (length) and seconds

! B

(time). For the Virginia Wood Preservers site four léyers are simulated,

an upper unconfined layer. a iow permeabiiity aquitard a lower confined

layer, end an impermeable base layer. HNorth Run Creek is simulated

through nodal designation, and assignment of apnto}fiete stream bed

conductivity, elevation, and water levels. Solutionlis by the Strongly

T

Implicit Procedure (SIP).

Page 2 and 3 of the model output, shown in the follow1ng pages,
gives tha boundaci conditions for the model area' 0 stands for an
inactive node, 1 for an ective variable head node, and -1 for an active
constant head node.: Pagee 3 through 7 give the 1n1tial head values for
layer 1 and 2, the anisotropy factor, which is set equal to 1.0
(homogeneous condtions), the dimensions of each cell (DELR and DELC,
each set to 1. 0), and the hydraulic conductivity of layer 1. The

"bottom" matrix deeignetes elevation of the bottom of 1ayer 1. The next

matrix given,. the vertical conductivity/thickness matrix, refers to the

vertical conductivity of the herdpan. or friable cluy unit, divided by

its thicknees.“ Transmiasivity, and the number of time steps used (1n

ARI00LSQ

this case 1) is deecribed on page 11 as is the error ‘criterion, and the

iy

input matrix for simulation of the river._ Iteratlon parameters are

. shown on page 12. The final head matrices are given on pages 12 through

" BENNEFT & WILLIAS
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16, and the volumetric budget for the model is given on page 16 and 17.
The vo}umetrig budget‘g;ves the total discharge from the system, and the P
total discharge into the'syéte;. éeéaﬁéé the model ;imulation is
steady-state, the difference between discharge in and out of the modeled
area can be used as a rough chéck on how weil the model is performed.
In this case the difference is 1.8 cubic feet per day.

Values Of_!QOO. in the final head matrix refe% to no-flow nodes,
and vales of 1E+30 refer to‘noées that Qe?é_(unéﬁiuxégé; conditions in
the shallow pgrchgd vater nglg.w Thg";qtglhtime inc%ement of the model

is 86,400 seconds (24 houré);

)
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STRATIGRAPHIC CROSS-SECTIONS
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STRATIGRAPHIC CROSS-SECTIONS .

The stratigraphiclﬁross;secﬁions shown in éig;res B through G were
constructed from boring logs §hown.in Appendix 1, and ﬁield
observations. Boring location are shown on the cross-sections, and
boring or well desigqatiqnsragé given“abqvé théiség?ioqs, Symbols used
to construct the cross—sectigps are shownlianigupg'A. Elevations shown
on the cro;s-sé;tioﬁi‘é;; iﬁ”éééﬁigbﬁiéz;:;Eféééﬁaziefi

Horizontal scal§ £or“§hF cro§sjsgpgipn isroneiinch equals one 7

hundred feet; vertical scale is one inch equéls_fen feet. The vertical

exaggeération used is peﬁ_ti@eé.
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Fig. A - Symbols used in stratigraphic cross-sections A-A’ through F-F°

- Fill
Clay

75 Sandy clay
Siit

Clayey sand

............
fariin
..............

|  Friable clayey sand

Lobsely cemented clayey sand

++3  Weathered granite

Silty clay and sand

Granite

BENNETT & WILLIAMS, 1.
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COMMENTS ON THE FIRST DRAFT FROM EPA REGION III QMEMML

Up0n completlon Of the flrst draft of this report (Red
comments on . the draft were invited. Comments were received .
from EPA reglon IIT. The comments and responses are
1nc1uded in thls appendlx.

=

Page 5; Paragraph 2

Add. existing well specifications fo Table 1
Existing well specifications are in Appendix 1, wells
GMWL, GMW 2, GMW 3, GMW 4, GMW 5.

Page 16; paragraph 1,WW;”s

_.! et U e

No cross- sectlon descrlptlons 1ﬁiAppendiY i.
This has been corrected in the text.

Page 16; Paragraph 1

Appendix 3 should read. Appendlx 4. _
- This has been corrected in the text.

Page 2¢g; Paragraph 1

Where. is the hardpan absent, cannpot. tell from the cross-
sections. :

Absence of the friable. sandy clay is shown on cross-
sections as areas where frlable sandy clay grades into
weathered granite.

Page 23; Parag;aph 1

7 Are_deep wells in the granlte for water }upély?wr
Yes. e B T

i ) —! B BT L

Page .23; Paragraph 1

Why do. deep wells produce from the same iracture system? -
The. 5pecu1atLon is based on the prevrous experlences in

Page .23; Paragraph 2

Why do you sugpect the.two aquifers are rnot connected?
Several "dry holes" have been drllled 1nto ‘the granlte in
the area. S T

Page 25; Paréérapﬁ 1iw. ;;r:;;;..arﬁ,s o

Is there an area trend to T values?
Thereé is insufficient data to determlne Lrends
conclusively.
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Page .25; Paragraph 2

Why does the 1dwWer’ aqulfer have to have anythlng to do -
with the standing water? o .
In the area of the standing water, the friable sandy clay
unit is absent and therefore, there is interconnection
between the upper and lower aquifer. Thus the standing

water - is an expression of the lower aquifer.

Page 25; Paragraph 2

Is the t0pograph1c dep'
water? .. L -

Yes. Frbm Plate 5, it can. be seen that the potentlometrlc
surface of the shallow perc¢hed water table is greater than
the'SﬁffaééféleVation;’ Therefore, the standlng water is an
expression of the surface elevation.

ssion the reason. for _the standing

‘Page 27z Paragraph 1;;;_;

-——~Where is. the saturated thlckness of the upper aquifer

equal to .87 ' -

In the center of the 51te the shallow perched aquifer
- becomes seasonally unsaturated thus reducing the saturated .
thickness to 2.5. - o

~Page 28; Paragraph 2 '

C) rm e o e [P [

If the sedlments are unsaturated there would be no flow
gradients. - - .. e e e -
The wordlng is changed 1n the text. '

Interconnectlon and downward movement would cause the
upper aquifer .to have.a higher head.
This has been changed and clarified in the text.If the -
hydraulic conductivity is increased due to an increase in
the permeability of the restricting layer, then there would
be gravity arainage from the shallOW’aquifef'to the deep

- ' 2 A R BRI T L

Page SG Paragraph 2

Upward flow of ground-water would not result in a decrease
of head in the lower aquifer.
Discharging of water from the. lower aquxfer causes the

pressure to decrease in that aquifer. 'This decrease in
pressure causes the head to decrease.

oo e« BENNETT & WILLIAMS, I.
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Page 31; Paragraph 2

A simpler'oonoeptual model. for groend—ﬁater flow shoulad
have .been introduced in the previous secticon.
These relationships were not clearly understood until the

"ground-water simulations .were undertaken, therefore these -

conclusions are presented in this section.

Page 37; Raragraph;z

Change ground-water . to ,saturated zone. -
The. wordlng has been’ changed in the text.

Page 43; Paragraph 2

e
Flushlng sounds llke an actlve process7 o
Flushing refers. to_repeated forced gravity drainage.

Page 4i; Paragraph 4

Does this .not depend on the amount of. 1mm1501ble 11qu1d
there is?

The minimal saturation of the pore volume is considered to
be the minimum residual saturation in the presence of an
immiscible. fluid. This discussion is presented to
demonstrated that simply by repeated flushing, ie. heavy
puriping, the immis@ible liquids can not be physically
removed from the aguifer.

Page 41; Paragraph 1

Define snap-off.
snap-off: Process. whereby a small’ droplet separates from a
larger portion of. llquld.;,qﬁr,.m‘=eﬂ,; :

Page 4]; Paragraph 1

Why do the 1mmisc1ble lquIdS agglomerate into strings?
Is it related to soil structure?

Droplets move as a respbnse to the induced hydraulic
gradient. As. the droplets move, they contact. other droplets
and agglomerat&. _ L R o : .

Page 42: Paragraph 1

Define .viscous forces._

Viscosity is an intrinsic property of a llquld and is
related to _the liquid's ability to flow. 1If a force, such
as a hydraulic¢ gradient, is applied to a liguid, the
viscosity, or .shear resistance, of the liguid may be
represented as a force opposing the hydraulic gradient.

4
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Page 45-_Paragraph 2 o

Reference for K2/K1l. approxlmately equal to 109. -
Kl and K2 refer to the permeabilities of layers 1 and 2 !
(Figure 5). This has been clarified in the text.

Page 50: Paragraph 2

Change "thicknesses. hav1ng the greatest" to "thickness of -
the higher". . . . e e :

Changing this would alter the meanlng. It is the
thicknesses oOf the solls that 1s dlscussed.

1 .

Page 5; Paragraph 4

Does Flgure 7 show 43 ﬂﬁﬁ ft2? )
‘Yes. T i

Page 52; Paragraph 2 L

What does saturation have to do. w1th the movement of dense
immiscible liquids? - R

In the areas on-site where - the shallow perched water
table, and a portion of the underlying friable clayey sand
unit, become seasonally unsaturated, capillary pressures may
induce the flow of liguid dowrnwar¥d to the. zone where
pressure is less than atmospheric. In addition, it is
possible that gravity drainage of light immiscible liquids
occurs under unsaturated conditions. Bedause the necessary
analyses were not performed to determine the nature (or - -
density) of the liquids behaving in this manner, the text
has been changed to "It may be possible for immiscible
liguids to enter...".

Page;SE-”Paragraph 2

Does Flgure 7 show 134 emg ft2?
Yes.

Page 53; Paragraph 3

Why were, the soils not’ analyzed for other contaminants?
pata for other soil contaminants were not available due to
instrument failure at the laboratory.

Page S53; Paragraph 3 i' ;T__j";;

Only 58 samples on Table 6. .
The text and Table 6 have been corrected to show 62
samples. _ T R N

Page 53; Paragraph 3 .

47 mg/kg is not on_ Table 6.
Table 6 has been corrected and 47 mg/kg is from Tample CS
from a depth of 78-75".
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Page 55 & Eage 56 Paragraph l

The contours do not. correspond to the 467 .mg/kg value for
GS and 160 mg/kg value _for. CS.

Figure 8 shows data on samples taken from depths of 2" to
2'. High concentrations of TRP in CS and G5 at greater
depths are discussed in the text.

Page 56; Paragraph 1

Other causes of contamination may also be ;at work.
The usé of the term contaminated runoff is meant to imply
sources such as spllls .and lagoon leakage.

v ﬂ‘

Page 59; Paragraph 1 if-; L - ; = ’

Contouring on Plate.7 seems overly imaginative.

The contourlng on Plate 7 best fits the data and field
observations f£rom this S1te.'7It 1s_based,on analyses, and
surface run off routes.

Page 63; Table 9 :“;... . 5

Whlch are shallow and whlch are deep’ :
All the.samples on Table 9 are from the, deep aquifer.

Page 64; Paragraph 3

Need convenient reference as to whlch wells are shallow
and which are deep.

In general, wells with "A" followiﬁg the well ‘number
denote shallow wells. o C ' L

Page 64; Paragraph 2

Any reason to suspect the hlgh concentrat:ons shown in
Figure 18. ~= S

The areds of ‘high concentratlon 1n Flgure 19 are areas
where immiscible lquldS are present. ‘We suspect that the
contaminant concentratlons will be. close to the ‘saturation

point.

Page 64; Paragraph 3

Why are CCA concentratlons p0551b1y 1ndlcatlve of
contamination? '

Since background levels of copper, chromium, and arsenic
are not known, it cannot be stated at which values the
concentrations become anomalous. '

Page 67; Paragraph 2 .

Should discuss the presence of these contaminants in the
deeper aquifer. . _. . . . . o .
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This is not.possible becatse the data is questionable and
requires further investigation.
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BENNETT & WTLLIAMS INC’

CONSULTING GEOLOGISTS

Rentokil, Imc. —~ — .~ meeem—n -

SupaTimber Division_
Post Qffice Box. 2248 B :
HNorcross, Georgla““3059L .

Attention: I. M. Stalker . .. 7"

T ADDdENDUM

ey

Peteor - -

T omomy R

0 .

2700 EAST DUBLIN GRANVILLE RQAD
$UITE 550
COLUMBUS, OHIO 43228
614/882-9122

September 9, 1236

Reference: Comments from Clean Sites, Inc. on Report on
Investigation of the Dydrogeclogy, and
~ Contamination, at the. Virginid Wood Preserwving
Corpdtation site, Richmend, Virginia.

Dear llr... Stai]ter’: T T D

v

Enclosed are.the responses.to_ some of. the comments. by
Cleaﬁ'Sites,'Iné. ‘on the referenéed inves tigation.

comments by Clean S]tEa, Inc. Oﬁher questlons were
responded to. and ‘the itemized guestiomns ani responses are.;

enclosed. thhln .

Let. us’ %now: i you n¥ed additional copies of plates or
If you have. any guestions or if we

©f the report ltself.

FOR THE BEST Amﬁz??sizeﬁ i+ 7 9

: ’T‘ruman W. Bennett

:feel fre= to call us. , -

_:“l [V S

Very trulj yours,
BFNNET” & WILLIAHQ, Inc. o

Principal Geclogist




RESPONSE TO COMMENTS FROM CLEAN SITES INC.
ON THE FIRST DRAFT

Page 3; Paragraph 2 . .

What about CZA? o T el e
Previous investigations at the site.did not analyze for.
zinc, therefore.stating that CZA conatamination existed on-
site without further investigation would bs speculation.
Page 5; Paragraph 2

Dées cross-— connectlon caused by the old wells refer ta
aguifers? :

Yes, these wells may be causlng cross coﬂnectlon of the
aguifer.

Page 6; Paragraph 2

LR S T B s, O e R H
Where is the run—off management pian notad’ -
The run-off management plan Ls“ngtaéhlg_the Remedial _ .
Actlon sectlon.

. - .o - w1
P ST el et - T

Page @: Paragraph 3

Only 12 monitoring wells are listed in. Table 1.

The revised report has been changed to read "Locations for
14 additional monltorlng wells...". Two of these wells (#6
& 7} were not installed by Bennett & Williams, Inc., and
as-built information for these monitoring wells is not known
at this time. These two wells are therefore not listed in
Table 1. Based on_the depth of the wells, it is presumed
the wells are sereened above bedrock. The wells are
constructed of two.inch diameter PVC with five foot screened
sections.

Page 63 Paragraph'B |

‘Need to identify Bennett &. Wllllams, Inc, wells vs.
prev10us ‘wells. _ _ )

Monitoring wells 1nstalled by Bennett & Wllllams Inc.
include: GMW 2A, GMW 3A, GMW 8, GMW 92, GMW 9A, GMW 18, GMW
10A, GMW 11, GMW 11A, GMW 12, GMW 13, and GMW l4. N

Page 1g; Table 2 . .. T .

Are there indicddtor compoinds for credsote?
Refer to Table 10 for a list of. lndlcator parameters for . _
creosote and petachlorophenol.

Page 13; Table2 .. . L e

What about Xylene,’ ‘ ’
Xylene analyses would provide useful information, and
xylene is listed in Table 14.

BENNETT & WILLIAMS,
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Page 13; Paragraph 1. ... . L

What does "probably edﬁered éfﬁé&fﬁeﬁaéax of the blow-down

i. sump” mean?
©  The contaminated clay wés probably covered over by fill .. .0 _.
after the sump was removed. . . o

Page 15; Flgure 2 e m o ime Lsmeos CRIGINA)

- - {Red)
All wells should be ldentlfled on each draw1ng.
Well numbers were iHot included on each figure so that
pertinent data could be clearly noted. Please refer to
Plate 2 for _well number designation. .

Page 16; Paragraph 3 -~ -~~~ -

Reference for jointing in granlte.

Mr. Truman Bennett has done extensive work in the region:;
therefore the "data source" consistg of numerous past
projects conducted in Henrlco county.

Page 19; Paragraph 2

The hardpan unlt is not well enough deflned to distinguish
it on the cross-sections.

The hardpan is represented on the cross-sections as
"friable clayey sand" (see .Table A, _Appendix 4).

. Page 28; Paragraph 2. .

Why is the water standlng near . NOrth Run Creek if the
friable clayey “sand is absent?

The. absence '0r poor development of the frlable clayey sand
allows ground-water 1nterconnect10n (dlscharge or recharge,
depending on the relative ground-water elevations) between . -
the shallow perched water table and the weathered granlte
agquifer. R S ,

,

;- Page 20; Paragraph 2 [

‘Other reports have referred to this layer as a "fragipan”
which implies a specific-depositional environment, whereas
g hardpan is a gerieral term which includes “fragipan". If
‘ possible the laye?r should be defined more specifically.

Hardpan is used here as a _déscript¥ive term described in
the text and is not intended to lmply any. dep051t10nal
environment. — . _ ... _ o . _ . . ] _

i Page 20; Paragraph 2
Are .the hardpan and frlable clayey sand layer the same?
Yes. : T =
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Page 205 Paragraph 2

The saturated thickness of the aquifer responds to
seasonal wvariations in precipitation, and in some areas it
appears that the existence of _the shallow perched water

table is seasocnal.
ORIGINAL

Page.20; Paragra?hﬁz o ] ﬁh@

If it is "or", then the two units should be delineated on
the drawing? L L

The use of "or" in this case refers to two terms applled
to. the same unit.

Page 23: Paragraph 2

bid. pumplng oneg well draw down the other, or any of the.
monitoring wells? = g+ g P

During the pumplng of these wells 1n a prev1ous
investigation, ground—water elevations were not measured.

Page.24; Paragraph 1 )

What about head in the wells from each unit?
Static water levels are listed in Table 5.

Page .25; Paragraph 1

I'm not sure there are enough samples to warrant a
rigorous statistical analysis.

This should not be con51dered a rlgorous “statistical
analysis.

Page 26; Table 4 . - - .

.This table is not. referred to in the text.
Table 4 is referenced in Paragraph 1 on Page 28.

Page ?6 Table 4

You should Ldentlfy the llthologlc units assoc1ated with
these intervals.

In génséral, those rntervals above 5 feet are 1n the
shallow perched aqu1fer and those. belcw 5 feet are in the
weathered granlte aqu1fer. T o

Page 27; Paragraph 2

Are wells screened above the hardpan°
The wells are screened above the bottom of the hardpan.

S F,'_

-,
t

i

!

BENNETT & WILLIAMS, IN




Page 28; Paragraph 2

Where is the second condition?
The other condition is discussed in ‘page 32. Comment is
noted and corrected. o LT o T

Page 39; Paragraph 2 L : ﬁggmz

There are no boundarles for an aqulfer shown on Plates 4 &
5. = T

The recharge boundary is” élong Parham Rd ,and the
dishcharge boundary is along North Run Creek.

ot N t

Page 31; Paragraph 2_[

Plate & should be large enough +to show the extent of the
model boundaries. _

For: the purposes of‘thls report, it 1s_noﬁ necessary that
the model boundaries be,shown on Plate 6.

Page 32 .. L. ..

Were any simulations done?_ : . e
No pumping Sinulations were. done.", )

Page 34; Paragraph 1 TR T e——

What is the nature of the organic constltuents that would
cause. the wells to be removed? =

Organic compounds which are retalned on the PVC material
necessitate removal. Assuming remedlal methods were
successful in reducing organic .compund concentrations in the
future,'trace concentrations of. orgaplcs may be detected due
to:the organlcs reétained on_the PVC _materials.

Page 34; Paragraph 3 ==

Why dces the use of bentbnite;aﬁd e;yrry_pause certain
parameters. to be elevated’

See reference. - lx,tf'rﬁ'ifrj

ol P

Page 35; Paragréphié,

Does "leveis"Vrefer;tOiréte:orJdepth?
"Levels" refers to rates.

e

R S '

Why is there no data for p0551ble,contam1natlon by Cza, #2
fuel oil, or'xylene° :
Pertinent parameters were not analyzed,

ER10CLSS
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Page 38; Paragraph 1

Check densmtles of creosote materlals.
Densities of crecsote compounds were checked and can be . |
found in the Handbook of Cham;stry and Phyalcs, 66th Ed.

e

PR

Page 43; Paragraph l

If it is not possible to make a direct measurement in the
soil then how accurate can this estimate be? Are there any
lab data or .empirical evidence to. substantiate the estimate?

References for this discussion are:

Yaniga, Paul M. _and James G:” Warburton, 1984 Discrimination
Between Real and Apparent Accumulation of. Imm15c1ble
Hydrocarbons on the Water Table: A Theoretical and
Empirical. Analy31s, in Proceedings of the Fourth National
Symposium on Aqu1fer Restoration and Ground Water

Monitoring, p. 311-315.

Page 43; Flgure 6 S

Do these symbols c01nc16e with the unlts on the cross— - s
sections? -
Yes.,

Page 4%; Paragraph 3

It would be,a,gobd,idea to show these values in a table,
identify the sample number and location.

The locaticons are given in a previous report by Environ-
mental Laboratories, Inc. -

Page 58; paragraph ¥ . = . .. .. ... . .

Where_is the. documentation for soil sample CS TRP?
Documentation for soil sample CS .is in Table 6.

Page 54; Paragraph 2

Define light. ?f__ - - m
Light refers to compounds less dense than water.

Page 52; Paragraph 2~

Define dense. T N ’ =

Page 52;:; Paragraph 2

Which areas have the restrictive_layer missing?
The holding pond and the covered holding lagoon (see
Flgure 2Y, and some. areas with . standlng water.

BENNETT & WILLIAMS, INC.
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Page 52;. Paragraph 3

What is dry? T e —
The dry residue mentioned refers to a solid material as .
opposed to a fluid material.

Page £3; Paragraph 2

On what data is the concluSLOn that the retentlon capacmty
is exceeded based? . o

Free flowing dense 1mm15c1ble llquld wasg seen enterlng
borings CS and GS after the auger was removed.

Page 59; pParagraph 2 . .. .

Does available chemlcal analyses mean only Bennett &
Williams, Ihc. samplés?’ -

The chemical analyges ‘include. both BenneLt & Wllllams,
Inc. samples and analyses reported in prevmous studies.

I Iy

Page 64; Paragraph 2 L - -

it would. be helpful to dellneate the extent of
contamination in the weathered. granite.

There is insufficient chemical anlyses to dellneate
contamination in each zone.

Page ¢€4; Paragraph 3

No As analysis for well 11 in Table 8.
It should read well 14 in the text and will be changed.

Page 64:; yaragraph 3;1"'

Why are CCA concentratlons possrbly 1ndluat1ve of .
contamination? -

Since background levels of CCA are not known in the area,
the level at which CCA concentratlons beccme anomalous can
T )‘f - oo
Page 66; Paragraph'z

Was contamlnatlon reported on both blanke? If so, the
analysis of the entire round may be worthlwss., What type of
sample bottles were used and what type of Llners in the

caps? Sz

Sampllng was . performed by Env1ronmental Laboratories, Inc.
The c¢omment i1s valid and possible problems with the data .
have heen noted in the text.

Page 67; Paragraph lwr

How was product odor determlned by sniffing of by meter?
Product odor was determined by snlff;ng.”

ERI0OLSS - BENNETT & WILLIAMS, IA ..
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page 76; Paragraph 3 o N

U Tl e A
__._i.._.__._Pa e 69 R I P —,——__—__ j* —— ?{g&m w

An additional well cluster is needed north of the
intersection of Peyton St. and Ackley Ave. Alsc I do not
see any justification for destroying the good wells put in
as a part of this study. The berm can be built around them.

Well.13 is located north of. Peyton St. and Ackley Ave. A
shallow well located here may provide useful data.

Page 7@; Paragraph 1

Has insitu biological treatment been evaluated?
This is discussed on page 79, method 3.

Page 76; Paragraph 1

One drawing is needed that shows the wells with labels
that are included in the monitoring plan.

Plate 8 identifies those wells that will be included in
the monitoring plan and the labels for those wells can be
found on Plate 2. _Any “other figure would be redundant.

t .

Table l@ is not adequate for EPA cert;i;catlon. Should
use the CLF, HSL list for at least the first round and
modify after that.

Table 18 1lists the chemlcal parameters Bennett & Williams,
Inc., feels will be us&ful in characterizing the contaminants
present. It is not an attempt to satlsfy regulations or EPA

certification.

Page 82; Paragraph 3 V,g,ywﬂ T —_—
[ T l

Why the 1ncon51stancy of the units? :

Hydraulic. conductivity describes the potentlal at which
wiadter can move through a medium. Tt has units in gpd/ft.
Transmissivity is the rate at which water is transmitted
through a unit width, of aquifer under a unit hydraullc
gradlegt and can be represented by T=Kb. Tt has units in
gpd/ft The units are consistent. '

Page B4; Paragraph 2

No analyses?
Samples were taken, but analyses were not completed
because of . 1nstrument fallure at the laboratory.

Page 85; Paragraph 1

;‘- e

Probably should pléarn on the removal of aJl old._wells and
install new ®hes as needed. -
This is recgmmeded underTRecommendatiog 1.

BENNETT & WILLIAMS,
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Page 86; Paragraph 1

HSL "should e the determining factor for future testing.

Table .18 lists those chemical parameters Bennett &
Williams, Inc. feels will be useful in characterizing the
contaminants present. It is not an attempt to satisfy
regulations or EPA certification.

Page 86; Paragraph 2

Cost is nhot mentioned. L o B
Cost estimates are not . included .in this report.
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